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« Vague et nébuleux est le commencement de toute chose ; 













GHV 0LQHV GH 6DLQW(WLHQQH (Q VHSWHPEUH  M¶DYDLV GpEDUTXp HQ WDQW TXH MHXQH
pWXGLDQWH WLPLGH SRXU GHYHQLU DXMRXUG¶KXL XQH FKHUFKHXVH GpEXWDQWH D\DQW EHDXFRXS SOXV
FRQILDQFH HQ HOOHPrPH &HWWH pYROXWLRQ GRLW EHDXFRXS DX[ QRPEUHXVHV SHUVRQQHV TXL
P¶RQW HQFRXUDJpH VRXWHQXH HW FRQIRUWpH HW TXL RQW IDLW GH FHV WURLV DQQpHV XQH DYHQWXUH
LQFUR\DEOH4X¶HOOHVWURXYHQWFLGHVVRXVO¶H[SUHVVLRQGHPHVSOXVVLQFqUHVUHPHUFLHPHQWV
7RXWG¶DERUGMHVRXKDLWHUHPHUFLHUOHVGLUHFWHXUVGXFHQWUH63,1&KULVWRSKH3,-2/$7
HW GX GpSDUWHPHQW 35(66,& -HDQ3DXO 9,5,&(//( GH P¶DYRLU DFFXHLOOLH
FKDOHXUHXVHPHQWDXVHLQGH OHXUpTXLSHGHUHFKHUFKH-H UHPHUFLHDXVVL OHFHQWUHGDQVVRQ
HQVHPEOH SRXU VRQ VRXWLHQ ORJLVWLTXH HW PDWpULHO TXL QH IDLW MDPDLV GpIDXW SRXU OHV
GRFWRUDQWV
8QJUDQGPHUFLjPDGLUHFWULFHGHWKqVH0LFKqOH3,-2/$7SRXUOHWHPSVTX¶HOOHP¶D
DFFRUGpH GXUDQW FHV  DQQpHV DLQVL TXH VHV TXDOLWpV VFLHQWLILTXHV HW VRQ HQFDGUHPHQW
ULJRXUHX[TXLP¶RQWSHUPLVGHFRPSUHQGUHODQRWLRQFRPSOH[HGH©FLQpWLTXHKpWpURJqQHª
-¶DLEHDXFRXSDSSULVjWHVF{WpVHWMHW¶DGUHVVHPDJUDWLWXGHSRXUWRXWFHOD
-¶DGUHVVHpJDOHPHQWPHVJUDQGV UHPHUFLHPHQWVjPRQHQFDGUDQWHGH WKqVH 9pURQLTXH
3(5(6SRXUVRQDWWHQWLRQGHWRXWLQVWDQWVXUPHVWUDYDX[SRXUVHVFRQVHLOVDYLVpVHWVRQ
pFRXWH TXL RQW pWp GHV pOpPHQWV PRWHXUV SRXU PRL 0HUFL pJDOHPHQW j WRXWH OD IDPLOOH
3(5(6 TXL P¶D DFFXHLOOLH SOXVLHXUV IRLV DYHF V\PSDWKLH PHUFL j 3KLOLSSH HW OHV HQIDQWV
:LOOLDP'DQDHHWOHSHWLW8O\VVH
8Q WUqV JUDQGPHUFL j *LOOHV%211(7 3URIHVVHXUGH O¶XQLYHUVLWpGH /D5RFKHOOH HW
+HQUL %86&$,/ 3URIHVVHXU GH O¶XQLYHUVLWp GH &OHUPRQW)HUUDQG G¶DYRLU DFFHSWp GH












-¶DL SX WUDYDLOOHU GDQV XQ FDGUH SDUWLFXOLqUHPHQW DJUpDEOH JUkFH j O¶HQVHPEOH GHV
PHPEUHV GX FHQWUH 63,1 -H SHQVH SDUWLFXOLqUHPHQW j 5LFKDUG TXL P¶D EHDXFRXS DLGpH j
PRQWHUOHVPDQLSVHWDXVVLSRXUWRXWHVQRVGLVFXVVLRQVOHPDWLQGHVIRLVORQJXHV0HUFL
pJDOHPHQW j 0DUF SRXU OHV PDQLSV GH %(7 HW VXUWRXW SRXU VRQ JUDQG VRXULUH HW VRQ
DGPLUDWLRQ SRXU OH /LEDQ TXL P¶D WRXMRXUV IDLW SODLVLU -H WLHQV j UHPHUFLHU 0DULH&ODXGH
SRXUOHVPDQLSVGHJUDQXORPpWULHTXLVHWUDQVIRUPHQWVRXYHQWHQGHVKHXUHVGHGLVFXVVLRQ
2OLYLHUSRXUWRXWHVOHVH[SpULHQFHVHQ'5;DYHFVRXYHQWGHVLQWHUSUpWDWLRQVFRPSOLTXpHV
0D[LPH *X\ /DHWLWLD <DPLQD 0DWKLOGH /RwF (ULF HW $OH[DQGUH SRXU WRXWHV YRV
FRQWULEXWLRQV DXVVLELHQSDU OHVGLVFXVVLRQVTXH M¶DL HX OD FKDQFHG¶DYRLU DYHFYRXV DLQVL
TXHSRXUYRWUHDLGHDSSRUWpHjFHWUDYDLO




OHV LQWHUYHQWLRQV HQ FDV GH ©SUREOqPH LQIRUPDWLTXHª HW VXUWRXW SHQGDQW OHV UpSpWLWLRQV
ILQDOHV j $QGUpH$LPpH SRXU WRXWH O¶DLGH TX¶HOOH P¶D DSSRUWp GDQV OD UHFKHUFKH
ELEOLRJUDSKLTXH
-H WLHQV pJDOHPHQW j UHPHUFLHU O¶HQVHPEOH GHV PHPEUHV GX FHQWUH 606 TXL P¶RQW
WRXMRXUV WUqVELHQDFFXHLOOLFRPPHVL M¶pWDLVGHFHFHQWUH0HVSHQVpHVYRQWj'RPLQLTXH
*2(85,27 *LOOHV %/$1& &KULVWRSKH 0(81,(5 %HUQDUG 0DULO\QH TXL RQW WRXMRXUV
pWpGLVSRQLEOHVSRXUP¶DLGHUHWVXUWRXWPHUFLSRXUYRWUHVRXULUHHWYRWUHERQQHKXPHXU
-HVRXKDLWHUHPHUFLHUWUqVFKDOHXUHXVHPHQW3DXO-28))5(<,OHVWGLIILFLOHGHWURXYHU
GHV TXDOLILFDWLIV DVVH] IRUWV SRXU VRXOLJQHU VD JHQWLOOHVVH VRQ KXPLOLWp HW WRXWH FHWWH
V\PSDWKLHTX¶LOSRVVqGHDXIRQGGHOXLWRXWQDWXUHOOHPHQW0HUFLSRXUWRXW3DXO
&HSHWLW FRLQ HQ'R M¶DOODLV VRXYHQWGLVFXWHUDYHF3DXOP¶D IDLW UHQFRQWUHU6HUJLR
6$2-$2 XQ DPL WUqV VSpFLDO TXH MH UHPHUFLH pQRUPpPHQW SRXU VD ERQQH KXPHXU SRXU
WRXWHV FHV VpDQFHV GH ULUHV RX GH SOHXUV HW SRXU WRXWHV OHV GLVFXVVLRQV DXWRXU G¶XQ FDIp j
O¶pFROHRXOHVRLUHWSRXUWRXWVRQVRXWLHQDXTXRWLGLHQSHQGDQWFHVWURLVDQQpHV
'XUDQW FHV WURLV DQQpHV GH WKqVH M¶DL HX GH OD FKDQFH GH F{WR\HU GH QRPEUHXVHV










-XOHV TXL P¶D EHDXFRXS DLGpH HW HQFRXUDJpH GDQV OD ILQ VXUWRXW HQ SUHQDQW OH WHPSV GH
FRUULJHUPRQIUDQoDLVSRXUWRXWFHTX¶RQDSDUWDJpHQVHPEOH-HQHSHX[SDVSHUVRQQDOLVHU








3LHUUH<YHV &DUORV 0\ 7KX 5DPLQ )ODYLHQ *UpJRLUH 9DOHQWLQH &DULQH -RKQ 2OD
0DOLFNDYHFVRQRSWLPLVPHWRXMRXUVUDVVXUDQWSDUPDLORXORUVGHVHVSDVVDJHVjO¶pFROHMH
YRXV UHPHUFLH WRXV GH YRWUH V\PSDWKLH YRWUH pFRXWH HW ERQQH KXPHXU -¶DL WRXMRXUV pWp
FRQWHQWH GH YRXV FURLVHU RX GH SDUWDJHU GHV PRPHQWV DYHF YRXV %RQQH FRQWLQXDWLRQ j
WRXV«
-H WLHQVpJDOHPHQWj UHPHUFLHUGX IRQGGXF°XUPDFKqUH1DWDOLDG¶DYRLUpWpSUpVHQWH
GXUDQWFHVWURLVDQQpHV3OXVTX¶XQHFROOqJXHWXHVGHYHQXHXQHYUDLHDPLH,O\DELHQWURS


















&HV UHPHUFLHPHQWV QH VHUDLHQW SDV FRPSOHWV VDQV XQH SHQVpH SRXU ©KDELEWpª &DUROH
PDFKqUH$wGD/XOX3LHUURWHWPHVFKHUV ,ODQHW6RDQ0DWKLHX0DULDPHW OHSHWLW(OLMD
&KULVWLQH $ODLQ 5D\PRQG HW -DFTXHOLQH M¶DL SX FRPSWHU VXU OHXU DLGH OHXU VRXWLHQ HW










































































































































































































































/D FRUURVLRQ GHV PpWDX[ HVW SULVH HQ FRPSWH j SDUWLU GX ;9,,,H VLqFOH VXLWH j GHV
SUREOqPHV GH FRUURVLRQ PDULQH TXL RQW WRXFKp OHV JUDQGV QDYLUHV (Q HIIHW OD FRUURVLRQ
FRQFHUQH WRXWHV OHV EUDQFKHV GH O¶DFWLYLWp LQGXVWULHOOH FRPPH O¶pQHUJLH OHV SURFpGpV
O¶DpURVSDWLDOHOHVHFWHXUQXFOpDLUHOHWUDQVSRUWOHEkWLPHQWHWO¶LQGXVWULHSpWURFKLPLTXH
$LQVL O¶pODERUDWLRQGHQRXYHDX[PDWpULDX[ WRXMRXUVSOXV UpVLVWDQWVTXLFRPELQHQWGHV
SURSULpWpV GLIIpUHQWHV FRPPH OHV PDWpULDX[ FRPSRVLWHV IDLW SDUWLH G¶XQ GHV HQMHX[
WHFKQRORJLTXHVPDMHXUVSRXYDQWFRQWULEXHUjODOXWWHDQWLFRUURVLRQ
/HV PDWpULDX[ FRPSRVLWHV GLVSRVHQW GH QRPEUHX[ DWRXWV SDU UDSSRUW DX[ PDWpULDX[
WUDGLWLRQQHOV ,OV DSSRUWHQW GHV DYDQWDJHV IRQFWLRQQHOV WHOV TXH OD OpJqUHWp HW OD UpVLVWDQFH
PpFDQLTXH HW FKLPLTXH ,OV SHUPHWWHQW pJDOHPHQW G
DXJPHQWHU OD GXUpH GH YLH GH FHUWDLQV
pTXLSHPHQWVJUkFHjOHXUVSURSULpWpVPpFDQLTXHVHWFKLPLTXHV
/HV FHUPHWV QRPPpV 0S&0&V ©&HUDPLF 0DWUL[ &RPSRVLWH GLVSHUVHG ZLWK
0HWDOOLF 3DUWLFOHV ª ILJXUHQW SDUPL OHV FRPSRVLWHV ,OV VRQW DFWXHOOHPHQW SUpVHQWV FRPPH
PDWpULDX[SURPHWWHXUVGDQVOHVDSSOLFDWLRQVjKDXWHWHPSpUDWXUH  ,OVVRQWFRQVWLWXpVG
XQH
SKDVH FpUDPLTXH PDMRULWDLUH HW G
XQH SKDVH PpWDOOLTXH EpQpILFLDQW DLQVL GHV SURSULpWpV
FRQMXJXpHVGHVFpUDPLTXHVHWGHVPpWDX[&HVPDWpULDX[VRQWXWLOLVpVSRXUGHVDSSOLFDWLRQV
WKHUPRPpFDQLTXHV GDQV GHV DWPRVSKqUHV FRUURVLYHV SRXU OHV DQRGHV GDQV OHV SLOHV j




OD SKDVH PpWDOOLTXH PDLV pJDOHPHQW GH OD QDWXUH GH OD PDWULFH FpUDPLTXH HW GH OD
PLFURVWUXFWXUH G¶HQVHPEOH ,O HVW GRQF LQWpUHVVDQW G¶XQ SRLQW GH YXH IRQGDPHQWDO GH
FRPSUHQGUHTXHOVVRQWOHVPpFDQLVPHVTXLYRQWVHGpURXOHUORUVGHO¶H[SRVLWLRQGHFHUPHWVj
KDXWHWHPSpUDWXUHHQPLOLHXR[\GDQW
/HEXWGH FHWWH WKqVH HVW G¶pWXGLHU OH FRPSRUWHPHQW j O¶R[\GDWLRQG
XQFHUPHWPRGqOH







/H SUHPLHU FKDSLWUH HVW FRQVDFUp j XQH V\QWKqVH ELEOLRJUDSKLTXH VXU OHV FRPSRVLWHV
PpWDOFpUDPLTXH TXL SUpVHQWHQW GHV FDUDFWpULVWLTXHV SHUPHWWDQW GH OHV XWLOLVHU GDQV





GHV SRXGUHV 8QH V\QWKqVH ELEOLRJUDSKLTXH VXU OD PpWDOOXUJLH GHV SRXGUHV HVW SUpVHQWpH
$SUqVDYRLUH[SRVpOHVFDUDFWpULVWLTXHVGHVSRXGUHVGHPDWLqUHSUHPLqUHOD]LUFRQH\WWULpHHW
O¶DFLHU LQR[\GDEOH / OHV GLIIpUHQWHV pWDSHV GH O¶pODERUDWLRQ GX FHUPHW VRQW GpFULWHV
)LQDOHPHQWGHVFDUDFWpULVDWLRQVGXFHUPHWIULWWpVRQWGpWDLOOpHV
/H WURLVLqPH FKDSLWUH FRQFHUQH O¶pWXGH FLQpWLTXH GH O¶R[\GDWLRQ GH OD SRXGUH G¶DFLHU
LQR[\GDEOH / VHXOH FKRLVLH SRXU O¶pODERUDWLRQ GHV FHUPHWV /H FRPSRUWHPHQW j
O¶R[\GDWLRQGH ODSRXGUHPpWDOOLTXH HVW FRPSDUp j FHOXLGHSODTXHWWHVG¶DFLHU LQR[\GDEOH
ODUJHPHQWpWXGLpGDQVODOLWWpUDWXUH8QPRGqOHG¶R[\GDWLRQGHODSRXGUHGH/GRQWOHV
SDUWLFXOHV VRQW VSKpULTXHV HVW SURSRVp HQ V¶DSSX\DQW VXU GHV WHVWV H[SpULPHQWDX[ TXL


























&H FKDSLWUH HVW FRQVDFUp j XQH V\QWKqVH ELEOLRJUDSKLTXH VXU OHV FRPSRVLWHV PpWDO
FpUDPLTXH&HVPDWpULDX[QRPPpVFHUPHWSUpVHQWHQWGHVFDUDFWpULVWLTXHVSHUPHWWDQWGHOHV
XWLOLVHU GDQV GLIIpUHQWHV DSSOLFDWLRQV j KDXWH WHPSpUDWXUH 'DQV XQ SUHPLHU WHPSV OHV
FHUPHWV DLQVL TXH OHXUV DSSOLFDWLRQV VRQW SUpVHQWpV (Q UDLVRQ GH O¶DEVHQFH GH FHUPHWV
FRPPHUFLDX[FHVGHUQLHUVVRQWSUpSDUpVVXLWHjXQFKRL[GHPDWpULDX[TXLVHUDIL[pGDQVFH
FKDSLWUH 'DQV XQ VHFRQG WHPSV FRPSWH WHQX GHV REMHFWLIV IL[pV SRXU FHWWH WKqVH OH
FRPSRUWHPHQW GHV FHUPHWV j O¶R[\GDWLRQ j KDXWH WHPSpUDWXUH HVW pWXGLp 8Q ELODQ GH OD











































8Q PDWpULDX FRPSRVLWH HVW SDU GpILQLWLRQ XQ DVVHPEODJH G¶DX PRLQV GHX[ PDWpULDX[
QRQ PLVFLEOHV OD PDWULFH TXL VHUW GH OLDQW HW OH UHQIRUW TXL FRQWULEXH SDU H[HPSOH DX[
SURSULpWpVPpFDQLTXHVGHODSLqFH>@
$X FRXUV GH FHV GHUQLqUHV DQQpHV O¶XWLOLVDWLRQ GHV PDWpULDX[ FRPSRVLWHV VRXWHQXH HQ
SDUWLFXOLHU SDU OD GLYHUVLWp GH OHXUV DSSOLFDWLRQV Q¶D FHVVp G¶DXJPHQWHU &HV PDWpULDX[
GLVSRVHQW GH SOXVLHXUV DYDQWDJHV IRQFWLRQQHOV SDU UDSSRUW DX[ PDWpULDX[ WUDGLWLRQQHOV ,OV
DSSRUWHQWDX[LQGXVWULHOVHWDX[GHVLJQHUVODSRVVLELOLWpQRXYHOOHG¶DVVRFLHUIRQFWLRQIRUPH
HWPDWpULDX[DXVHLQGHV\VWqPHVGHSOXVHQSOXVSHUIRUPDQWV










DLQVL TXH GDQV OHV VHFWHXUV GHQWDLUH LPSODQWV HW ELRPpGLFDO PDWpULDX[ SURWKpWLTXHV HQ
GpSLWGHIRUWHVFRQWUDLQWHVGHELRFRPSDWLELOLWp&HVQRXYHDX[PDWpULDX[TXLSUpVHQWHQWGHV


















/HV FHUPHWV )LJXUH  DSSDUWHQDQW j FHWWH GHUQLqUH IDPLOOH OHV &0&V VRQW GHV
FRPSRVLWHV FRQVWLWXpV G¶XQH SKDVH FpUDPLTXH PDMRULWDLUH HW G¶XQ OLDQW PpWDOOLTXH /D
FRPELQDLVRQGHODFpUDPLTXHDYHFOHVPpWDX[ >@SHUPHWGHFRPELQHUOHVSURSULpWpVGHOD
FpUDPLTXH UpVLVWDQFH WKHUPLTXH UpVLVWDQFHj ODFRUURVLRQHW UpVLVWDQFHj O
XVXUH >@ >@









GHV SKpQRPqQHV GH GpODPLQDWLRQ 3RXU OLPLWHU FHW LQFRQYpQLHQW GHV FRPSRVLWHV GH
VWUXFWXUHVJUDGXHOOHVVHEDVDQWVXUODPRGLILFDWLRQGHODSURSRUWLRQGHVGHX[SKDVHVRQWpWp
GpYHORSSpV>@>@>@>@HW>@&HVPDWpULDX[VRQWDSSDUXVDX-DSRQHQSRXU








/¶REMHFWLI GH FHWWH WKqVH VHUD G¶pWXGLHU OD FRUURVLRQ GHV FHUPHWV j KDXWH WHPSpUDWXUH
























/D ]LUFRQH HVW XQH FpUDPLTXH j FDUDFWqUH UpIUDFWDLUH WDQW GX SRLQW GH YXH FKLPLTXH TXH
WKHUPLTXH >@ 6D WUqV IDLEOH FRQGXFWLYLWp WKHUPLTXH SDU UDSSRUW j OD SOXSDUW GHV DXWUHV
R[\GHVOXLGRQQHODFDSDFLWpG¶rWUHXWLOLVpHHQWDQWTXHEDUULqUHWKHUPLTXHSRXUSURWpJHUOHV
VXEVWUDWV PpWDOOLTXHV UHYrWHPHQW GHVDXEHV GH WXUERPRWHXUV j KDXWHV WHPSpUDWXUHV >@
6HV SURSULpWpV SK\VLTXHV GH FRQGXFWLRQ pOHFWULTXH HW pOHFWURQLTXH QRWDPPHQW VRQW
UHPDUTXDEOHV $\DQW XQH IDLEOH VHPLFRQGXFWLRQ GH W\SH Q FHW R[\GH SHXW GHYHQLU
FRQGXFWHXU LRQLTXH SXU V
LO HVW GRSp 6D IRUWH FRQGXFWLYLWp LRQLTXH TXL V¶H[SOLTXH SDU OD
SUpVHQFHGHODFXQHVG¶R[\JqQHSHUPHWG¶DXJPHQWHUODFRQGXFWLYLWppOHFWULTXHJOREDOHGHOD















MXVTX¶j  & /D VWUXFWXUH VH UHOD[H JUkFH j OD GLODWDWLRQ WKHUPLTXH HQ VH











YROXPLTXH GH   TXL SURYRTXH O




(Q FH TXL FRQFHUQH OD WUDQVLWLRQ HQWUH OD SKDVH PRQRFOLQLTXH HW OD SKDVH TXDGUDWLTXH
KDXWH WHPSpUDWXUH LO V¶HVW DYpUp TXH OD SUpVHQFH GHV ODFXQHV DQLRQLTXHV GLPLQXH OD
WHPSpUDWXUHGH OD WUDQVIRUPDWLRQ&HFL UHSRVHVXU ODPLVHHQVROXWLRQG¶DXWUHVR[\GHV WHOV
TXH<2&D2RX0J2DILQGHFUpHUOHVODFXQHVDQLRQLTXHV3DUPLFHVV\VWqPHVELQDLUHVOH
=U2<2 HVW OH SOXV LQWpUHVVDQW SDUFH TX
















/H FRHIILFLHQW GH GLODWDWLRQ WKHUPLTXH GH FHWWH ]LUFRQH QRPPpH <6= SDU OD VXLWH
]LUFRQHSDUWLHOOHPHQWVWDELOLVpHVRXVIRUPHTXDGUDWLTXHSDUO¶R[\GHGHO¶\WWULXPHVWYRLVLQ
















\WWULXPVRXV IRUPHGH FDWLRQV/¶DWRPLVHXUSXOYpULVH OD VROXWLRQHQJRXWWHOHWWHVTXL VRQW






/¶LQWURGXFWLRQ G¶XQ PpWDO GXFWLOH DX VHLQ G¶XQH PDWULFH FpUDPLTXH HVW XQ PR\HQ




GpYHORSSHPHQW GX FRPSRVLWH PpWDOFpUDPLTXH 3OXVLHXUV WUDYDX[ VXU OD ]LUFRQH UHQIRUFpH
DYHFGHVPpWDX[WHOVTXHOHQLFNHOO
DFLHULQR[\GDEOHHWOHPRO\EGqQHRQWpWpUDSSRUWpVGDQV
OD OLWWpUDWXUH >@ >@ >@ >@ >@ HW >@/D ]LUFRQH HVW XWLOLVpH FRPPH pOHFWURO\WH
GDQV OHV SLOHV j FRPEXVWLEOH j pOHFWURO\WH VROLGH 62)& DLQVL TXH FRPPH PDWpULDX
FpUDPLTXH GDQV OHV FHUPHWV PpWDO]LUFRQH GHVWLQpV DX[ DQRGHV GHV 62)& >@ 'DQV FH
GHUQLHU FDV OHPpWDO XWLOLVpGDQV OHV DQRGHVGRLWDYRLUXQHERQQH UpVLVWDQFH j O¶R[\GDWLRQ
GDQV OHV FRQGLWLRQV GH WUDYDLO GHV SLOHV j FRPEXVWLEOH    & 'X QLFNHO HVW
KDELWXHOOHPHQW FKRLVL SRXU FHWWH DSSOLFDWLRQ >@ >@ HW >@ HQ UDLVRQ GH VRQ EDV FRW
FRPSDUpjFHOXLG
DXWUHVPpWDX[WHOVTXHOHFREDOWOHSODWLQHHWOHSDOODGLXP>@/HFKRL[









/HV WUDYDX[ GH .DZDVKLPD HW +LVKLQXPD >@ RQW SRUWp VXU O¶pWXGH GHV SURSULpWpV
WKHUPLTXHVFKDOHXUVSpFLILTXHGLIIXVLYLWpWKHUPLTXHGHFRPSRVLWHVSRUHX[QLFNHO]LUFRQH
\WWULpH <6=  GHVWLQpV DX[ DQRGHV GHV 62)& /H WDX[ GH QLFNHO GDQV FHV FRPSRVLWHV
YDULHHQWUHHWYROHWODSRURVLWpV¶pWHQGHQWUHHW/HVDXWHXUVRQWFRQVWDWp
TXH OD FKDOHXU VSpFLILTXH GLPLQXH DYHF O




-XQJ HW DO >@ HW +X HW DO >@ RQW pWXGLp OHV FRQWUDLQWHV UpVLGXHOOHV OHV SURSULpWpV
WKHUPLTXHV HW OHV FRQGXFWLYLWpV pOHFWULTXH HW WKHUPLTXH GHV PDWpULDX[ FRPSRVLWHV )*0
QLFNHO<6=PRO-XQJHWDORQWpJDOHPHQWpWXGLpXQFRPSRVLWHDFLHULQR[\GDEOH686
 )H &U  1L  PDVV<6=  PRO ,OV RQW FRQVWDWp TXH OD
FRQGXFWLYLWp WKHUPLTXH GHV FRPSRVLWHV DXJPHQWH DYHF O
DXJPHQWDWLRQ GH OD SURSRUWLRQ GX
QLFNHO RX G
DFLHU LQR[\GDEOH ,OV RQW HQ RXWUH LQGLTXp TXH OD GLIIpUHQFH GX FRHIILFLHQW GH
GLODWDWLRQWKHUPLTXHHQWUHOD]LUFRQHHWOHQLFNHORXO¶DFLHULQR[\GDEOHJpQqUHGHVFRQWUDLQWHV
GDQV OH PDWpULDX ORUV GH O¶pODERUDWLRQ +X HW DO >@  RQW pJDOHPHQW PRQWUp TXH OHV
GLIIXVLYLWpVWKHUPLTXHHWpOHFWULTXHDXJPHQWHQWDYHFOHWDX[GXQLFNHO




SDU PpWDOOXUJLH GHV SRXGUHV &HV DXWHXUV RQW FRQFOX TX¶LO Q¶\ D SDV G¶LQWHUDFWLRQ HQWUH OH
FKURPH HW OD ]LUFRQH \WWULpH DSUqV IULWWDJH &HSHQGDQW XQH GpVWDELOLVDWLRQ GH OD ]LUFRQH
\WWULpH IRUPDWLRQ GH GHX[ SKDVHV TXDGUDWLTXH HW PRQRFOLQLTXH D pWp QRWpH SRXU OHV




GX IHU GDQV O¶DFLHU LQR[\GDEOH ,O IDXW DLQVL QRWHU TXH :LOGDQ HW DO >@ Q¶RQW SDV WHQX
FRPSWH GX IDLW TXH OH IHU j KDXWH WHPSpUDWXUH  & SHXW V¶R[\GHU VRXV DUJRQ HQ



















































































 /D ]LUFRQH HVW OD SKDVH FpUDPLTXH JpQpUDOHPHQW XWLOLVpH FDU VRQ FRHIILFLHQW GH
GLODWDWLRQWKHUPLTXHHVWSURFKHGHFHOXLGHVPpWDX[FHTXLSHUPHWGHPLQLPLVHUOHV
FRQWUDLQWHVWKHUPLTXHVSHQGDQWODIDEULFDWLRQGHVFHUPHWV








SDU SOXVLHXUV DXWHXUV 'DQV FHWWH SDUWLH QRXV pYRTXHURQV GRQF OHV pWXGHV UpDOLVpHV VXU
O¶R[\GDWLRQGHVSDUWLFXOHVPpWDOOLTXHVjO¶LQWpULHXUGHODPDWULFHFpUDPLTXH
5LRXOW>@HW+RQYDXOW>@RQWpWXGLpODFLQpWLTXHGHFRUURVLRQGHFHUPHWVGHVWLQpVDX[




















/¶pWXGH SDU VSHFWURPpWULH GH PDVVH GHV LRQV VHFRQGDLUHV 6,06 DSUqV R[\GDWLRQ SDU GH
O¶R[\JqQHDUpYpOpTXHODSpQpWUDWLRQG¶R[\JqQHV¶HIIHFWXDLWSDUOHVMRLQWVGHJUDLQV&HV
DXWHXUV RQW PRQWUp TXH OD YLWHVVH G¶R[\GDWLRQ GHV FHUPHWV DXJPHQWH DYHF OD SUHVVLRQ
SDUWLHOOHG¶R[\JqQHMXVTX¶jXQHYDOHXUVHXLOGHK3DTXLFRUUHVSRQGjO¶pTXLOLEUHj&
HQWUH OD WpQRULWH &X2 HW OD FXSULWH &X2 $XGHOj GH FHWWH SUHVVLRQ OD YLWHVVH
G¶R[\GDWLRQHVWLQGpSHQGDQWHGHODSUHVVLRQG¶R[\JqQH
+RQYDXOW HW DO >@ RQW pWXGLp O¶R[\GDWLRQ G¶XQ FHUPHW DQDORJXH GH WHQHXU HQ QLFNHO




GXH j OD FURLVVDQFH GH OD FRXFKH LQWHUQH FDU OD FRXFKH H[WHUQH FHVVH GH FURvWUH /¶pWDSH
OLPLWDQWHGHFHSURFHVVXVFRUUHVSRQGDORUVjODGLIIXVLRQGHVODFXQHVFDWLRQLTXHVjWUDYHUVOD
FRXFKHGHPRQR[\GHHWj ODGLIIXVLRQGHO¶R[\JqQHDX[MRLQWVGHJUDLQVjWUDYHUVOHVGHX[
FRXFKHV G¶R[\GHV $ ORQJ WHUPH VHORQ FHV DXWHXUV VHXOH OD GLIIXVLRQ GH O¶R[\JqQH DX[
MRLQWVGHVJUDLQVjWUDYHUVOHVGHX[FRXFKHVHVWOLPLWDQWH











/D UpVLVWDQFH j OD FRUURVLRQ GH FHV PDWpULDX[ D HQVXLWH pWp pYDOXpH JUkFH j GHV
H[SpULHQFHV F\FOLTXHV HQ WKHUPRJUDYLPpWULH /HV SDVWLOOHV RQW pWp H[SRVpHV j  F\FOHV
G¶R[\GDWLRQVRXVDLUSHQGDQWKHXUHVj&(WDQWGRQQpTXH OD]LUFRQH\WWULpHQ¶HVW
SDVDIIHFWpHSDUO¶R[\GDWLRQ ODSULVHGHPDVVHHVWG¶DXWDQWSOXVUDSLGHTXHOHSRXUFHQWDJH




/¶pYROXWLRQ GH OD SRURVLWp D pWp PHVXUpH HQ IRQFWLRQ GX WHPSV G¶R[\GDWLRQ j  &
3RXUO¶DFLHULQR[\GDEOHVHXOODSRURVLWpGLPLQXHSDUUDSSRUWjFHOOHPHVXUpHDSUqVIULWWDJH
FH TXL PRQWUH TXH O¶R[\GH FURvW GDQV OHV SRUHV &HSHQGDQW GDQV OH FDV GHV FHUPHWV OHV
DXWHXUV RQW UHPDUTXp XQH IDLEOH DXJPHQWDWLRQ GH OD SRURVLWp TXL HVW GXH D SULRUL j XQH
DXJPHQWDWLRQGXYROXPHGHVSDUWLFXOHVGH O¶DFLHU LQR[\GDEOHGDQV ODPDWULFH ]LUFRQHTXL
HQJHQGUHGHVILVVXUHVGDQVODPDWULFHFpUDPLTXHHWGHQRXYHDX[SRUHV
/HVpFKDQWLOORQVR[\GpVRQWpJDOHPHQWpWppWXGLpVSDUGLIIUDFWLRQGHVUD\RQV;'5;
'DQV OH FDV GH O¶DFLHU LQR[\GDEOH VHXO OHV SKDVHV &U2 HW 0Q&U2 RQW pWp GpWHFWpHV




(Q  1DQNR HW DO >@ RQW pODERUp GHV FRPSRVLWHV 1L<6= SRXU GHV DSSOLFDWLRQV
KDXWHV WHPSpUDWXUHV $LQVL OHXU pWXGH FRQFHUQH O








/HV pFKDQWLOORQV RQW pWp SUpSDUpV SDU SUHVVDJH XQLD[LDO  03D HW IULWWDJH GDQV XQ
PRXOHHQJUDSKLWHj.SHQGDQWPLQXWHV,OVSUpVHQWHQWXQGLDPqWUHGHPPXQH
pSDLVVHXU GH  PP HW XQH GHQVLWp GH   SDU UDSSRUW j OD GHQVLWp WKpRULTXH /HV HVVDLV
G¶R[\GDWLRQRQWpWpUpDOLVpVHQWUHHW.SHQGDQWKHXUHVVRXVDLU
/D)LJXUHPRQWUHXQHVHFWLRQWUDQVYHUVDOHGXFHUPHW1L<6=R[\Gpj&SHQGDQW






1L<6= 3XLVTXH OD ]LUFRQH \WWULpH <6= HVW XQ FRQGXFWHXU LRQLTXH O
R[\JqQH GLIIXVH j
WUDYHUV OD PDWULFH GH ]LUFRQH YHUV OHV SDUWLFXOHV GH QLFNHO DX GpEXW GH O
R[\GDWLRQ /HV
SDUWLFXOHVGHQLFNHOVRQWR[\GpHVFHTXLFRQGXLWjODIUDFWXUDWLRQGHODPDWULFHSDUH[SDQVLRQ
GX YROXPH GHV SDUWLFXOHV GH QLFNHO OH UDSSRUW GH 3LOOLQJ DQG %HGZRUWK 3%5 TXL
UHSUpVHQWHOHUDSSRUWGXYROXPHPRODLUHGHO¶R[\GHSDUUDSSRUWjVRQPpWDO UHODWLIGDQVFH
FDVjO¶R[\GDWLRQGXQLFNHOHVWpJDOj/HJD]HVWDLQVLIRXUQLSDUOHUpVHDXGHILVVXUHV
GDQV OD ]RQH ILVVXUpH /HVSDUWLFXOHVGH QLFNHO VLWXpHVSOXV HQSURIRQGHXUTXH OHV ILVVXUHV
VRQWR[\GpHVSDUXQHGLIIXVLRQYROXPLTXHGHVLRQV2GDQVOD]LUFRQH












,OV RQW PRQWUp TXH OH PpFDQLVPH G¶R[\GDWLRQ GHV SDUWLFXOHV GH QLFNHO GpSHQG GH OD
QDWXUH FKLPLTXH GH OD PDWULFH /D )LJXUH  PRQWUH OHV WURLV PRGHV G¶R[\GDWLRQ GHV
SDUWLFXOHVPpWDOOLTXHVGLVSHUVpHVGDQVXQHPDWULFH FpUDPLTXH &HVSDUWLFXOHVSHXYHQW rWUH









1DQNR HW DO H[SOLTXHQW HQVXLWH TXH VHORQ OH PRGH GH GLIIXVLRQ GHV LRQV SHQGDQW
O¶R[\GDWLRQ GX FHUPHW GHV GpIDXWV PDFURVFRSLTXHV VH IRUPHQW GDQV OD ]RQH R[\GpH GHV
WURXVRXGHV ILVVXUHV$LQVL FRPPH LOOXVWUp VXU OD)LJXUH DXQHGLIIXVLRQDQLRQLTXH
LQWHUQH JpQqUH GHV ILVVXUHV GDQV OD PDWULFH FpUDPLTXH VXLWH j O¶H[SDQVLRQ YROXPLTXH GHV
SDUWLFXOHVPpWDOOLTXHVR[\GpHVUDSSRUWGH3LOOLQJHW%HGZRUWKVXSpULHXUj/DGLIIXVLRQ
H[WHUQHGHVFDWLRQVTXDQWjHOOHDERXWLWjODIRUPDWLRQGHYLGHWURXjO¶LQWpULHXUGHOD]RQH









































GRSDJHSDU<2GH ODPDWULFH$O2 VXU O¶R[\GDWLRQGXFHUPHW1L$O2 VRXVDLUj
&$SUqVR[\GDWLRQOHVSLQHOOH1L$O2HVWREVHUYp
/HV DXWHXUV RQW GpGXLW TXH OD SUpVHQFH GH <2 GLPLQXH OD YLWHVVH G¶R[\GDWLRQ SDUFH
TX¶HOOHLQKLEHODGLIIXVLRQH[WHUQHDX[MRLQWVGHJUDLQVGDQVODPDWULFH$O2
6WURRVQLMGHUHWDO>@RQWH[SOLTXpO¶HIIHWGHO¶DMRXWGH<2VXUO¶R[\GDWLRQGXFKURPH
j  & VRXV DLU &HV DXWHXUV PHQWLRQQHQW TXH O¶HIIHW GH <2 HVW LQGpSHQGDQW GH VD
PpWKRGH G¶LQWURGXFWLRQ LPSODQWDWLRQ LRQLTXH FRXFKH H[WHUQH pOpPHQWV G¶DOOLDJH RX ELHQ
R[\GH GLVSHUVp ,OV HQ RQW GpGXLW FRPPH 1DQNR TXH OD SUpVHQFH GH <2 GLPLQXH OD
YLWHVVHG¶R[\GDWLRQGXFKURPH$SUqVXQ WHPSVG¶R[\GDWLRQ LPSRUWDQW6WURRVQLMGHUHW DO
RQWSXPRQWUHUSDUPDUTXDJHDYHFGHO¶R[\JqQHTXHO¶R[\GDWLRQGXFKURPHVHIDLWSDU
GLIIXVLRQ LQWHUQH DX[ MRLQWV GH JUDLQV GHV DQLRQV G¶R[\JqQH &HV DXWHXUV SURSRVHQW
















PDWpULDX[ QRXV QRXV LQWpUHVVRQV j OD SKDVH PpWDOOLTXH FKRLVLH 8Q DFLHU LQR[\GDEOH W\SH












3DUPL OHV DFLHUV LQR[\GDEOHV SOXVLHXUV G¶HQWUH HX[ FRPPH OHV DFLHUV LQR[\GDEOHV
IHUULWLTXHV HW DXVWpQLWLTXHV j EDVH GH IHU RQW IDLW O¶REMHW G¶pWXGHV DSSURIRQGLHV LQGXVWULH
PpFDQLTXH FKLPLTXH DSSOLFDWLRQV jKDXWH WHPSpUDWXUH HWF /HV DFLHUV DXVWpQLWLTXHV VRQW
FDUDFWpULVpV SDU XQH GXFWLOLWp pOHYpH XQH UpVLVWDQFH pOHYpH j OD FRUURVLRQ HW DX[ DFLGHV
R[\GDQWV
/¶DFLHULQR[\GDEOH/HVWXQDOOLDJHIHUFKURPHQLFNHO&U1LFNHO  W\SH









/H/VLJQLILH ORZFDUERQFHTXLFRUUHVSRQGjXQ WDX[GHFDUERQH LQVXIILVDQWSRXU
FUpHUGHVSUpFLSLWpVGHFDUEXUHGHFKURPH
/¶DFLHU LQR[\GDEOH  / HVW FRPPHUFLDOLVp VRXV IRUPH GH OLQJRWV HW GH SODTXHWWHV
PpWDOOLTXHV XWLOLVpV SRXU OD IDEULFDWLRQ GH YLV ERXORQV HW LPSODQWV XVWHQVLOHV GH FXLVLQH
GDQV O¶LQGXVWULH FKLPLTXH SKDUPDFHXWLTXH HW DJURDOLPHQWDLUH ,O HVW GLVSRQLEOH pJDOHPHQW
VRXV IRUPHGHSRXGUHPpWDOOLTXHJpQpUDOHPHQW SURGXLWHSDU DWRPLVDWLRQ 'DQV OH FDVGHV







R OD IRUPH GH OD SRXGUH REWHQXH HVW LUUpJXOLqUH >@ 'H SOXV XQH SRXGUH G¶DFLHU
LQR[\GDEOH DSUqV DWRPLVDWLRQ j O¶HDX SUpVHQWH XQH ILQH FRXFKH G¶R[\GH ULFKH HQ FKURPH
>@&HSHQGDQWG¶XQSRLQWGHYXHpFRQRPLTXHO¶DWRPLVDWLRQjO¶HDXHVWSOXVDYDQWDJHXVH
/D SKDVH PpWDOOLTXH pWDQW GpILQLH O¶pWXGH GH O¶R[\GDWLRQ GX / VHUD GpWDLOOpH DX
FKDSLWUH,,,
,'pPDUFKHGHO¶pWXGH




1RXV pWXGLRQV HQVXLWH OH FRPSRUWHPHQW j O¶R[\GDWLRQ GX FHUPHW PRGqOH j KDXWH
WHPSpUDWXUH $ILQ GH PLHX[ FRPSUHQGUH FH FRPSRUWHPHQW O¶R[\GDWLRQ GH OD SRXGUH GH







/H EXW GH FH WUDYDLO pWDQW G¶pWDEOLU GHV PpFDQLVPHV UpDFWLRQQHOV TXL DERXWLVVHQW j GHV
PRGqOHVG¶R[\GDWLRQXQHpWXGHFLQpWLTXHHVWUpDOLVpHHWVHUDSUpVHQWpHGDQVOHVFKDSLWUHV,,,
HW ,9 &HWWH pWXGH SHUPHW G¶pWDEOLU XQH ORL GH YLWHVVH GH FURLVVDQFH HQ VXSSRVDQW TXH OD
YLWHVVHHVW LPSRVpHSDUXQHpWDSHSDUWLFXOLqUHGXPpFDQLVPHVHSURGXLVDQWGDQVXQH]RQH
UpDFWLRQQHOOH GRQQpH K\SRWKqVH GH O¶pWDSH OLPLWDQWH 3LMRODW HW 6RXVWHOOH >@ SURSRVHQW





= Ԅ. Sm  

 ĭ pWDQW OD © UpDFWLYLWp VXUIDFLTXH GH FURLVVDQFHª H[SULPpH HQ PROPV HOOH
GpSHQG XQLTXHPHQW GHV YDULDEOHV WKHUPRG\QDPLTXHV WHPSpUDWXUH SUHVVLRQV
SDUWLHOOHVDFWLYLWpV«
 6P pWDQW XQHIRQFWLRQ FDUDFWpULVWLTXH GH OD UpDFWLRQ RX GH OD GLIIXVLRQ PLVH HQ MHX
GDQV O¶pWDSH OLPLWDQWHGH FURLVVDQFH H[SULPpHHQPPRO HOOH HVW IRQFWLRQGH OD
PRUSKRORJLHLQLWLDOHHWGHVRQpYROXWLRQHQFRXUVGHUpDFWLRQGXV\VWqPHUpDFWLRQQHO




PDLV GDQV OHV PrPHV FRQGLWLRQV SK\VLFRFKLPLTXHV YDULDEOHV LQWHQVLYHV PDLQWHQXHV
LGHQWLTXHVODUpDFWLYLWpUHVWHODPrPHVHXOHODIRQFWLRQVSDWLDOHHVWPRGLILpH ODWUDQVIRUPDWLRQSHXWrWUHPRGpOLVpHHQLQWURGXLVDQWGHX[FDWpJRULHVGHPRGqOHV
9 8Q PRGqOH SK\VLFRFKLPLTXH SHUPHWWDQW YLD OD FRQVLGpUDWLRQ G¶XQ PpFDQLVPH
UpDFWLRQQHOGHUHSUpVHQWHUOHVYDULDWLRQVGHODUpDFWLYLWpGHFURLVVDQFHHQIRQFWLRQ










MHX OHV LQWHUIDFHV HW OHXUV GpSODFHPHQWV GDQV OH WHPSV OD UpDFWLYLWp GH FKDTXH
SURFHVVXV LQWHUYHQDQWGDQV OD WUDQVIRUPDWLRQ SDUH[HPSOH ODJHUPLQDWLRQHW OD




©GpFURFKHPHQWVª F¶HVWjGLUH XQH YDULDWLRQ EUXWDOH GH O




HW DSUqV OH GpFURFKHPHQW QRWpH G GWDS $LQVL VL OD YLWHVVH HVW GpFRPSRVDEOH VRXV OD
IRUPH 6P TXHO TXH VRLW O
LQVWDQW GX GpFURFKHPHQW OH UDSSRUW G GWDS G GWDY HVW OH
PrPH
'HVFDUDFWpULVDWLRQVPRUSKRORJLTXHVHWVWUXFWXUDOHVGHODSRXGUHR[\GpHFKDSLWUH,,,HW

























PpWKRGHV GH SUpSDUDWLRQ GHV FRPSRVLWHV HVW SUpVHQWpH 'DQV XQ VHFRQG WHPSV OHV
FDUDFWpULVWLTXHV GHV SRXGUHV LQLWLDOHV VRQW SUpVHQWpHV FHOOHV GH OD ]LUFRQH HW GH O¶DFLHU
LQR[\GDEOH(QVXLWHOHVGLIIpUHQWHVpWDSHVGH O¶pODERUDWLRQGXFHUPHWVRQWGpFULWHV(QILQ













































,,/HV GLIIpUHQWHV PpWKRGHV G¶pODERUDWLRQ G¶XQ
PDWpULDXFRPSRVLWH
/HV WHFKQLTXHV GH IDEULFDWLRQ GHV FRPSRVLWHV FpUDPLTXH j SDUWLFXOHV PpWDOOLTXHV VRXV
IRUPH GH FRXFKHV PHWWHQW HQ °XYUH OHV SURFpGpV VROJHO OHV GpS{WV FKLPLTXHV HQ SKDVH
YDSHXU &9'RX OHVGpS{WVSDUYRLH pOHFWURFKLPLTXH HOHFWURSODWLQJ /H SURFpGp VROJHO
HVW OHSOXVXWLOLVp ,OFRQVLVWHHQXQPpODQJHGHSUpFXUVHXUVOLTXLGHVTXLFRQVWLWXHOHVROHW
TXLVHWUDQVIRUPHSDUODVXLWHHQXQUpVHDXVROLGHWULGLPHQVLRQQHOVWDEOHO¶pWDWJHOSDUGHV












IDLW SDU O¶DSSOLFDWLRQ GH SXOVHV GH FRXUDQW GH WUqV IRUWH LQWHQVLWp TXL FKDXIIHQW IRUWHPHQW
O¶pFKDQWLOORQ HW G¶XQH SUHVVLRQ XQLD[LDOH &HFL SHUPHW G¶DWWHLQGUH OHV WHPSpUDWXUHV
PD[LPDOHV GpVLUpHV HQ TXHOTXHV PLQXWHV DLQVL TX¶XQ ERQ QLYHDX GH GHQVLILFDWLRQ GX
PDWpULDXDYHFOHPDLQWLHQGHODWHPSpUDWXUHGXUDQWTXHOTXHVVHFRQGHV
&HSHQGDQWFHVWUDLWHPHQWVWKHUPLTXHVjKDXWHWHPSpUDWXUHIULWWDJH636SUHVVDJH+,3







,,eODERUDWLRQ GX PDWpULDX FRPSRVLWH SDU
PpWDOOXUJLHGHVSRXGUHV
/DPpWDOOXUJLHGHVSRXGUHVHVWXQSURFpGpTXLUHJURXSHSOXVLHXUVRSpUDWLRQVSHUPHWWDQW






VXU WURLV FULWqUHV OD SUpFLVLRQ GpVLUpH OD PLFURVWUXFWXUH HW OHV SURSULpWpV PpFDQLTXHV
UHTXLVHV
'HSOXVODPpWDOOXUJLHGHVSRXGUHVSHUPHWGHWUDLWHUWRXWW\SHGHSRXGUHHWGHIDEULTXHU
GHVDOOLDJHVGRQW FHUWDLQV VRQW LPSRVVLEOHVjSURGXLUHSDUG¶DXWUHVSURFpGpV(OOHSUpVHQWH
DXVVL GHV DYDQWDJHV pFRQRPLTXHV   GH OD PDWLqUH SUHPLqUH HVW XWLOLVpH HW XQH IDLEOH
FRQVRPPDWLRQ G¶pQHUJLH HW pFRORJLTXHV SHX GH GpFKHWV SDV GH UpVLGXV OLTXLGHV j
pOLPLQHU
3DU UDSSRUW j G¶DXWUHV WHFKQRORJLHV GH PLVH HQ IRUPH OD PpWDOOXUJLH GHV SRXGUHV HVW





pWDSH LQLWLDOHDSRXUREMHFWLI OD UpDOLVDWLRQG¶XQPpODQJHELSKDVLTXHFRQVWLWXpGHSRXGUHV
PpWDOOLTXHV HW FpUDPLTXHV /HV SURSRUWLRQV GHV FRQVWLWXDQWV GH FH PDWpULDX FRPSRVLWH















JUDQXOpV WDLOOH GH SDUWLFXOH GH O¶RUGUH GH  PP DPpOLRUH OD FRXODELOLWp FDUDFWpULVWLTXH
UHTXLVH SRXU XQ ERQ UHPSOLVVDJH GHV PDWULFHV GHV SUHVVHV GH SDVWLOODJH HW HPSrFKH OHV
ILVVXUDWLRQVDLQVLTXHOHVGpIRUPDWLRQVGHVFRPSULPpV>@
,,F/DFRPSDFWLRQ
&H SURFpGp FRQVLVWH j FRPSULPHU GDQV XQH PDWULFH HW VRXV O¶DFWLRQ G¶XQ SRLQoRQ OH
PpODQJHGHSRXGUHVSRXUGRQQHUODIRUPHGpVLUpHjODSLqFH&HWWHSRXGUHHVWVRXPLVHjXQH
FRPSDFWLRQ VRXV GH IRUWHV SUHVVLRQV SOXVLHXUV FHQWDLQHV GH 03D j O
DLGH GH SUHVVHV
PpFDQLTXHV RX K\GUDXOLTXHV /RUV GH OD FRPSDFWLRQ GHV SLqFHV OHV SDUWLFXOHV GH SRXGUHV
PpWDOOLTXHV VRQW GpIRUPpHV HW OHV SRXGUHV FpUDPLTXHV VRQW IUDJPHQWpHV VRXV O
HIIHW GHV
FRQWUDLQWHV H[HUFpHV SDU O
RXWLOODJH 'HV OLHQV HQWUH OHV SDUWLFXOHV VRQW DORUV FUppV SDU
DQFUDJHVPpFDQLTXHVFHTXLFRQIqUHDX[FRPSULPpVXQHFHUWDLQHUpVLVWDQFHPpFDQLTXH&H
SUHVVDJH HVW HQ JpQpUDO UpDOLVp DYHF XQ OXEULILDQW SRXU IDFLOLWHU OHV IURWWHPHQWV HQWUH OHV





/HV SLqFHV j FUX VRQW HQVXLWH GHQVLILpHV SDU IULWWDJH j KDXWH WHPSpUDWXUH /H IULWWDJH
FRUUHVSRQGjODFRQVROLGDWLRQWKHUPLTXHG¶XQPDWpULDXSXOYpUXOHQWVDQVIXVLRQG¶DXPRLQV
O¶XQ GH VHV FRQVWLWXDQWV /D )LJXUH  D UHSUpVHQWH OH UHWUDLW ȴ// GX PDWpULDX HQ



















LQWHUIDFHV VROLGHVROLGH DXJPHQWHQW HW OHV VXUIDFHV VROLGHYDSHXU GLPLQXHQW DILQ GH






















'DQV FHWWH SDUWLH OHV PDWLqUHV SUHPLqUHV XWLOLVpHV GDQV O¶pODERUDWLRQ GX FHUPHW VRQW










/H FKRL[ GX PDWpULDX FpUDPLTXH SRXU OHV FRPSRVLWHV V¶HVW SRUWp VXU OD ]LUFRQH \WWULpH
7=<( 7HWUDJRQDO =LUFRQLD PRODLUH <2(DV\ VLQWHUHG VWDELOLVpH VRXV IRUPH
TXDGUDWLTXH&HWWHSRXGUHGRSpHDYHFGHO¶R[\GHG¶\WWULXPSURYLHQWGHODVRFLpWp-DSRQDLVH
7262+ >@ (OOH SUpVHQWH XQH ERQQH DSWLWXGH DX IULWWDJH HW XQH ERQQH UpVLVWDQFH
PpFDQLTXH DSUqV OD PLVH HQ IRUPH HW OH WUDLWHPHQW WKHUPLTXH 6D FRPSRVLWLRQ HVW GRQQpH
GDQVOH7DEOHDXVXLYDQW
7DEOHDX&RPSRVLWLRQGHODSRXGUH7=<(
eOpPHQWVFKLPLTXHV =U2 <2 $O2 6L2

























/HV DQDO\VHV SDU JUDQXORPpWULH ODVHU 0DOYHUQ 0DVWHUVL]HU  UpDOLVpHV HQ YRLH









6ɏ × a 









SRXYRQV GRQF GpGXLUH TXH OHV JUDLQV YXV DX 0(% HW SDU JUDQXORPpWULH ODVHU D\DQW XQ
GLDPqWUHVXSpULHXUjPVRQWGHVDJJORPpUDWV
/D )LJXUH  SUpVHQWH OH GLDJUDPPH GH GLIIUDFWLRQ GHV UD\RQV ; '5; ' 
6LHPHQVGHODSRXGUHGH]LUFRQH7=<(/HVSRVLWLRQVșHWOHVLQWHQVLWpVUHODWLYHV,5GHV

































/H PDWpULDX PpWDOOLTXH FKRLVL SRXU OD SUpSDUDWLRQ GHV FHUPHWV HVW XQH SRXGUH G¶DFLHU




/¶DFLHU FRQWLHQW   GH & FH TXL HVW LQVXIILVDQW SRXU FUpHU GDQV OH PDWpULDX GHV
SUpFLSLWpV GH FDUEXUH GH FKURPH /D WUqV IDLEOH WHQHXU HQ VRXIUH   HVW HOOH DXVVL
LQVXIILVDQWHSRXUIRUPHUGHVLQFOXVLRQVDYHFOHPDQJDQqVH0Q6/HVpOpPHQWV0Q32












EDVH        
/DWHPSpUDWXUHGHIULWWDJHUHFRPPDQGpHSDUOHIRXUQLVVHXUHVWGH&>@

















JUDLQV GH OD SRXGUH / PHVXUpH SDU S\FQRPpWULH 0LFURPHULWLFV $FFXS\F  HVW GH








/H GLDPqWUH GHV SDUWLFXOHV FDOFXOp j SDUWLU GH OD VXUIDFH VSpFLILTXH HVW GH O¶RUGUH GH
P,OHVWIRLVSOXVJUDQGTXHFHOXLGHOD]LUFRQH
























































(QVHEDVDQW VXU OD OLWWpUDWXUH ODSUpVHQFHGHSUHVTXHPDVVGHFKURPHGDQVFHW










































XQH DWPRVSKqUH QRQ R[\GDQWH HVW QpFHVVDLUH SRXU OH IULWWDJH GH OD SOXSDUW GHVPDWpULDX[
PpWDOOLTXHVDILQG¶pYLWHUO¶R[\GDWLRQGHFHVGHUQLHUV>@











/¶pODERUDWLRQ GX FHUPHW /<6=  YRO FRQVLVWH HQ SUHPLHU OLHX j IDLUH XQ
PpODQJHKRPRJqQHGHVSRXGUHVSHQGDQWPLQXWHVGDQVXQPpODQJHXU7XUEXODGDQV OHV















)LJXUH  /D JUDQXORPpWULH ODVHU HQ YRLH VqFKH PRQWUH TXH OD SRXGUH GH FHUPHW HVW
DJJORPpUpHHWIRUPpHGHSDUWLFXOHVDYHFXQPRGHjP&HVSDUWLFXOHVpWDQWIUDJLOHVOD



















$ILQ G¶REWHQLU XQH SDVWLOOH ELHQ FRPSDFWpH XQ GRXEOH SUHVVDJH pWDSH GH JUDQXODWLRQ
VXLYLHG¶XQHFRPSDFWLRQHVW UpDOLVp&¶HVWDLQVLTXHQRXVSRXYRQVVXUPRQWHU OHSUREOqPH





XQH FKHPLVH HQ DFLHU D pWp XWLOLVpH &HV PDWULFHV VRQW PXQLHV GH SRLQoRQV HW GH FRQWUH











GX FHUPHW (OOH D pWp LQWURGXLWH VXLWH DX SUREOqPH GX ©HQGFDSSLQJª UHQFRQWUp ORUV GH
O¶pMHFWLRQGHODSDVWLOOHFRPSULPpH
/HFRPSULPpHVWSUpSDUpGDQVXQHPDWULFHGHGLDPqWUHPPSUHVVpHVRXVXQHSUHVVLRQ
GH03D(QVXLWHFHFRPSULPpHVWFRQFDVVpGDQVXQPRUWLHU SDV WUqV ILQHPHQWSXLV
WDPLVp VXU XQH JULOOH GH WDPLV G¶RXYHUWXUH GH PDLOOH GH  PP  /D SRXGUH UpFXSpUpH HVW
VSKpURwGLVpHSHQGDQWPLQXWHVDXPpODQJHXU7XUEXOD






3RXU OD FRPSDFWLRQGHV SRXGUHVGXFHUPHW O¶DMRXWGH OLDQW Q¶HVW SDVQpFHVVDLUH FDU OD
GpIRUPDWLRQ SODVWLTXH GH OD SKDVH PpWDOOLTXH DVVXUH OD FRKpVLRQ GH OD SLqFH FUXH  'HV






/DSRXGUHREWHQXHDSUqV O¶pWDSHGHJUDQXODWLRQHVWSUHVVpHGDQV ODSUHVVH ,QVWURQSRXU
UpDOLVHU GHV SDVWLOOHV GH GLDPqWUH  PP /H VWpDUDWH GH PDJQpVLXP HVW XWLOLVp FRPPH
OXEULILDQWH[WHUQHGHVSDURLVGHODPDWULFH3OXVLHXUVSUHVVLRQVGHj03DRQWpWp
























VXU WRXWH OD GXUpH GH O¶pWXGH 1RXV DYRQV GRQF XWLOLVp XQ GLODWRPqWUH FH TXL RIIUDLW
O¶DYDQWDJHGHVXLYUHLQVLWXOHUHWUDLWGHVpFKDQWLOORQVDLQVLSUpSDUpV
,,D'LODWRPpWULH
&RQWUDLUHPHQW DX IULWWDJH GDQV OH IRXU TXL QH SHUPHW XQH DQDO\VH GX IULWWDJH TX¶D
SRVWHULRUL OD GLODWRPpWULH SHUPHW GH VXLYUH FH SURFHVVXV WRXW HQ PHVXUDQW HQ FRQWLQX OH
UHWUDLW GH O¶pFKDQWLOORQ SDU GpSODFHPHQW G¶XQ SDOSHXU G¶DOXPLQH )LJXUH  /H UHWUDLW
OLQpDLUHYHUWLFDOPHVXUpSHQGDQWOHIULWWDJHHVWUHOLpjODGHQVLILFDWLRQHQIDLVDQWO¶K\SRWKqVH































G¶K\GURJqQH $U+  FKRLVL GDQV OH EXW GH JDUDQWLU XQH DWPRVSKqUH UpGXFWULFH
HPSrFKDQW O¶R[\GDWLRQ GH OD SKDVH PpWDOOLTXH GDQV OH FHUPHW /D WHPSpUDWXUH GX IULWWDJH
XWLOLVpHHVWLQIpULHXUHGH&SDUUDSSRUWjODWHPSpUDWXUHGHIXVLRQGHO¶DFLHULQR[\GDEOH
/ DILQ G¶HPSrFKHU OD IRUPDWLRQ G¶XQH SKDVH OLTXLGH SHQGDQW OH IULWWDJH HW DLQVL XQ
SKpQRPqQHG¶H[VXGDWLRQGXPpWDO>@3OXVLHXUVWHPSpUDWXUHVGH&j&RQW




 ,QWURGXFWLRQ GX PpODQJH GH JD] $U+   DSUqV XQ YLGH SRXVVp 
PEDUDYHFXQGpELWGHOK 0RQWpHHQWHPSpUDWXUHMXVTX¶j&DYHFXQSDOLHUGHKHXUHV /DYLWHVVHHQPRQWpHHVWGH&PLQ /DYLWHVVHHQGHVFHQWHHVWGH&PLQ

/D GHQVLWp GHV SDVWLOOHV GH FHUPHW HVW HQVXLWH FDOFXOpH VHORQ OD IRUPXOH VXLYDQWH DYHF
O¶K\SRWKqVHG¶XQUHWUDLWKRPRWKpWLTXHDQQH[H$
eTXDWLRQɏ =  ɏ0
(1 + ȽοL
L0











eTXDWLRQȽ = (οD D0ൗ )Final
(οL L0ൗ )Final  
DYHFȡODGHQVLWpGXFHUPHWjFDOFXOHUDSUqVIULWWDJHʌODGHQVLWpLQLWLDOHGXFHUPHWDYDQW
IULWWDJHȴ//IOHUHWUDLWGHPHVXUHILQDOȴ''IOHUHWUDLWGXGLDPqWUHILQDO
,,&RPSDUDLVRQ GX UHWUDLW HQWUH OD ]LUFRQH HW
O¶DFLHULQR[\GDEOH
/HVFRXUEHVGHUHWUDLWHQIRQFWLRQGXWHPSVGHO¶DFLHULQR[\GDEOH/HWGHOD]LUFRQH
VRQW FRPSDUpHV DILQ GH PLHX[ FRPSUHQGUH OHV OLHQV TXL SHXYHQW rWUH pWDEOLV HQWUH OHV
SRXGUHV
/D )LJXUH  UHSUpVHQWH OHV YDULDWLRQV GLPHQVLRQQHOOHV HQ IRQFWLRQ GX WHPSV G¶XQH
SDVWLOOHGH/SUpSDUpHSDUSUHVVDJHXQLD[LDOHWVRXPLVjXQHWHPSpUDWXUHGH&OD


























































/D )LJXUH  D SUpVHQWH OD FRXUEH GH GHQVLILFDWLRQ GX FHUPHW HQ IRQFWLRQ GX WHPSV
3HQGDQW OD PRQWpH HQ WHPSpUDWXUH j  & OD GHQVLWp GX FHUPHW DXJPHQWH MXVTX¶j
DWWHLQGUH   GH OD GHQVLWp WKpRULTXH GX FHUPHW &HWWH YDOHXU FRQWLQXH j DXJPHQWHU
OpJqUHPHQW SHQGDQW OH SDOLHU GH WHPSpUDWXUH PDLQWHQXH j  & MXVTX¶j DWWHLQGUH XQH
GHQVLWpVXSpULHXUHjSDUUDSSRUWjODGHQVLWpWKpRULTXHGXFHUPHW

/D YLWHVVH GH GHQVLILFDWLRQ SUpVHQWpH HQ IRQFWLRQ GX WHPSV GDQV OD )LJXUH  E




























































































































/HV GHQVLWpV JpRPpWULTXHV GHV GLIIpUHQWV FHUPHWV pODERUpV RQW pWp FRPSDUpHV DX[
GHQVLWpVPHVXUpHVSDUSRXVVpHG¶$UFKLPqGHDILQG¶pYDOXHU ODSRURVLWpRXYHUWH8QWDEOHDX
UHJURXSDQWOHV GHQVLWpV JpRPpWULTXHV HW OHV GHQVLWpV PHVXUpHV SDU SRXVVpH G¶$UFKLPqGH
GHWRXVOHVFHUPHWVHVWSUpVHQWpGDQVO¶DQQH[H%




TXL HVW GH    HQ PR\HQQH &HWWH SRURVLWp RXYHUWH UpVXOWH VRLW G¶XQ IULWWDJH
LQFRPSOHWVRLWGHODSUpVHQFHGHILVVXUHV























































'DQV OHEXWGHYpULILHU O¶KRPRJpQpLWp j O¶pFKHOOHPDFURVFRSLTXHGXFHUPHWXQH pWXGH



































/HV REVHUYDWLRQV DX 0(% GHV FHUPHWV $ HW % PRQWUHQW GHV SDUWLFXOHV PpWDOOLTXHV








'HVFDUWRJUDSKLHVGHV pOpPHQWV IHUFKURPHHW]LUFRQLXPSUpVHQWpHVGDQV OD)LJXUH
VRQWUpDOLVpHVVXUXQHFRXSHGHFHUPHW$6XUFHVFDUWRJUDSKLHV OD]RQHFODLUHGHO¶LPDJH
0(%)LJXUHDFRUUHVSRQGjODPDWULFHFpUDPLTXH]LUFRQHYRLU)LJXUHEDORUVTXH
OHV ]RQHV IRQFpHV FRUUHVSRQGHQW j OD SKDVH PpWDOOLTXH IHU HW FKURPH QRWDPPHQW YRLU

















8QH REVHUYDWLRQ SOXV SUpFLVH GH O¶LQWHUIDFH PpWDO]LUFRQH D pWp UpDOLVpH DYHF XQ IRUW
JURVVLVVHPHQW /D )LJXUH  PRQWUH XQ JUDLQ PpWDOOLTXH GDQV XQH PDWULFH GH ]LUFRQH



















































GX FRXSOH &U&U2 'DQV FHV FRQGLWLRQV OD SKDVH VWDEOH HVW O¶R[\GH GH FKURPH 6L OD
FRXFKHH[WHUQHTXLHQWRXUHOHVJUDLQVGH/HVWGHODFKURPLQHHOOHQ¶HVWSDVUpGXLWHDX
IULWWDJH
(WDQW GRQQp TXH OD UpDFWLRQ GH UpGXFWLRQ GH OD FKURPLQH Q¶HVW SDV SRVVLEOH GDQV OHV
FRQGLWLRQV GH IULWWDJH XWLOLVpHV QRXV QRXV VRPPHV LQWpUHVVpV j XQH pYHQWXHOOH LQWHUDFWLRQ
HQWUHOD]LUFRQHHWODFKURPLQH












% mol. Cr =





















SLFVGH ODSKDVHTXDGUDWLTXH DYHFXQH IDLEOHSURSRUWLRQGHPRLQVGHPDVV GHSKDVH
PRQRFOLQLTXH /D SURSRUWLRQ GH SKDVH PRQRFOLQLTXH DSUqV IULWWDJH HVW EHDXFRXS PRLQV
LPSRUWDQWHTXHFHOOHSUpVHQWHGDQVODSRXGUHLQLWLDOHFI,,&HSHQGDQWOHVSLFVGHOD
SKDVHTXDGUDWLTXH VRQWGpFDOpVSDU UDSSRUW DX[SLFVGH OD ILFKHGHGRQQpHVG¶XQH]LUFRQH












































GH  &PLQ $SUqV XQH SUHPLqUH DQDO\VH j  & G¶DXWUHV DQDO\VHV RQW pWp REWHQXHV j
&HW&3OXVLHXUVVFDQVGHPLQVRQWUpDOLVpVVXUOD]RQHG¶LQWpUrWSUpVHQFHGHOD




1RXV SRXYRQV UHPDUTXHU TXH OD SKDVH )HĮ SUpVHQWH DX GpSDUW GLVSDUDvW j  HW
&&HSHQGDQWFHWWHSKDVHUpDSSDUDvWDSUqVUHIURLGLVVHPHQW



























































SURFpGp FRQGXLW j XQ PDWpULDX KRPRJqQH HW GHQVH   GH OD GHQVLWp WKpRULTXH /D
FRPSDUDLVRQ HQWUH OHV UHWUDLWV REVHUYpVSRXU OD ]LUFRQHHW O¶DFLHU LQR[\GDEOH/PRQWUH
TXHOHUHWUDLWGHO¶DFLHUHVWQpJOLJHDEOHGHYDQWFHOXLGHOD]LUFRQHHWTXHOHVJUDLQVGH]LUFRQH
VHGHQVLILHQWDXWRXUGHVJUDLQVPpWDOOLTXHV
/H FHUPHW REWHQX DSUqV IULWWDJH HVW KRPRJqQH /D WRPRJUDSKLH ; UpYqOH XQH ERQQH
GLVSHUVLRQGHVJUDLQVPpWDOOLTXHVGDQVODPDWULFH]LUFRQHGHO¶LQWHUIDFHMXVTX¶DXFHQWUHGHV




G¶HQYLVDJHU O¶R[\GDWLRQ GHV SDUWLFXOHV PpWDOOLTXHV GX FHUPHW VRXV XQ DQJOH QRXYHDX SDU



















&HWWH GHVFULSWLRQ SHUPHWWUD GH FRPSDUHU OH FRPSRUWHPHQW j O¶R[\GDWLRQ GH OD SRXGUH
PpWDOOLTXHjFHOXLGHSODTXHWWHVG¶DFLHULQR[\GDEOHODUJHPHQWpWXGLpHVGDQVODOLWWpUDWXUH
/D SUHPLqUH SDUWLH GH FH FKDSLWUH HVW FRQVDFUpH j XQH V\QWKqVH ELEOLRJUDSKLTXH GX
FRPSRUWHPHQWjO¶R[\GDWLRQGX/VRXYHQWVRXVIRUPHGHSODTXHWWHPpWDOOLTXH(QVXLWH
XQ PRGqOH G¶R[\GDWLRQ GH OD SRXGUH GH  HVW SURSRVp HQ V¶DSSX\DQW VXU GHV WHVWV
FLQpWLTXHV SHUPHWWDQW OD VLPSOLILFDWLRQ GH OD PRGpOLVDWLRQ 'DQV XQ VHFRQG WHPSV OH
SURWRFROHH[SpULPHQWDOXWLOLVpSRXUOHVXLYLHWO¶pWXGHFLQpWLTXHGHO¶R[\GDWLRQGHODSRXGUH
GH / ORUV GH VRQ H[SRVLWLRQ j KDXWH WHPSpUDWXUH HVW GpWDLOOp 8Q LQWpUrW SDUWLFXOLHU HVW





















,,, 5HSURGXFWLELOLWp GHV FRXUEHV G¶R[\GDWLRQ GHV GLIIpUHQWHV IUDFWLRQV
JUDQXORPpWULTXHVGHODSRXGUHG¶DFLHULQR[\GDEOH/ 
,,,5pVXOWDWVHWGLVFXVVLRQ 















/D FRUURVLRQ HVW GpILQLH FRPPH pWDQW OD GpWpULRUDWLRQ G¶XQ PDWpULDX JpQpUDOHPHQW
PpWDOOLTXHVXLWHjXQHUpDFWLRQDYHFVRQHQYLURQQHPHQW
/¶R[\GDWLRQHVWOHPRGHGHFRUURVLRQVqFKHOHSOXVFRXUDPPHQWUHQFRQWUp8QHFRXFKH
G¶R[\GH VH IRUPH LPPpGLDWHPHQW ORUVTXH OD VXUIDFH G¶XQ PpWDO HVW H[SRVpH j O¶R[\JqQH
&HWWH R[\GDWLRQ GpSHQG GH OD GLIIXVLRQ GHV DWRPHV LRQV RX PpWDO j WUDYHUV OD FRXFKH
G¶R[\GH >@ >@ $ WHPSpUDWXUH DPELDQWH OD PRELOLWp GHV DWRPHV RX GHV LRQV HVW
H[WUrPHPHQWIDLEOHFHTXLOLPLWHOHGpYHORSSHPHQWGHODFRXFKHG¶R[\GH
/
pTXDWLRQ FKLPLTXH JpQpUDOH SRXU XQH UpDFWLRQ G
















/D YLWHVVH G¶R[\GDWLRQ GHV DOOLDJHV FKURPLQRIRUPHXUV VXLW XQH ORL SDUDEROLTXH WHOOH
TX¶LOOXVWUpH SDU OD FRXUEH 2$' GH OD )LJXUH  &HSHQGDQW VHORQ OHV FRQGLWLRQV
FRPSRVLWLRQGHO
DOOLDJHWHPSVHWHQYLURQQHPHQWXQSKpQRPqQHGH©EUHDNDZD\ªSHXWVH
SURGXLUH FRUUHVSRQGDQW j XQH DXJPHQWDWLRQ VRXGDLQH GH OD YLWHVVH GH FURLVVDQFH GH OD
FRXFKHG¶R[\GHFRPPHLOOXVWUpSDU ODFRXUEH$%'DQV OHFDVGHVDFLHUV LQR[\GDEOHV FH
SKpQRPqQHVHWUDGXLWSDUODIRUPDWLRQG¶XQHFRXFKHH[WHUQHG¶R[\GHGHIHUjODSODFHGHOD
FRXFKHG¶R[\GHGHFKURPH/DFRXUEH%(SUpVHQWHODFURLVVDQFHUDSLGHGHFHWR[\GHGXH









/D WKpRULH GH O¶R[\GDWLRQ j KDXWH WHPSpUDWXUH H[SOLTXpH SDU :DJQHU >@ GpFULW OD
FLQpWLTXHGHFURLVVDQFHG¶XQHFRXFKHG¶R[\GHFRQWU{OpHSDUODGLIIXVLRQG¶XQHRXSOXVLHXUV
HVSqFHVj WUDYHUVFHWWHFRXFKH/DFURLVVDQFHGH ODFRXFKHG¶R[\GHSHXW DLQVL VHSURGXLUH
VRLWjO¶LQWHUIDFHR[\GHJD]VRLWjO¶LQWHUIDFHPpWDOR[\GHVRLWDXVHLQGXILOPGHFRUURVLRQ
/DGLIIXVLRQGHVHVSqFHVHVWSRVVLEOHGXIDLWGHODSUpVHQFHGHGpIDXWVSRQFWXHOVODFXQDLUHV





















/HV WUqVQRPEUHXVHV pWXGHVPHQpHV VXU OHV DOOLDJHV FKURPLQRIRUPHXUV QRQGRSpVSDU
GHV pOpPHQWV UpDFWLIV RQW SHUPLV GH GpPRQWUHU TXH OD FURLVVDQFH GH OD FRXFKH G¶R[\GH VH
UpDOLVH j O¶LQWHUIDFH R[\GHJD] HW SULQFLSDOHPHQW SDU XQH GLIIXVLRQ FDWLRQLTXH GX FKURPH
&U>@











/HV pWXGHV GH OD OLWWpUDWXUH >@ >@ >@ HW >@ FRQFHUQDQW O¶R[\GDWLRQ GHV
SODTXHWWHVGH/PRQWUHQWTXHODFURLVVDQFHGHO¶R[\GHHVWFRQWU{OpHSDUODGLIIXVLRQGHV
FDWLRQVORLSDUDEROLTXH&HWWH ORLDpWpGpFULWHSDU:DJQHU >@SRXU O¶R[\GDWLRQjKDXWH
WHPSpUDWXUHG¶XQPpWDORXG¶XQDOOLDJHPpWDOOLTXHUpJLHSDUODGLIIXVLRQG¶XQHRXSOXVLHXUV
HVSqFHV DX WUDYHUV GH OD FRXFKH G¶R[\GH UHFRXYUDQW OD VXUIDFH SODQH (Q GpILQLVVDQW XQH
FRQVWDQWHSDUDEROLTXHNSSURSRUWLRQQHOOHDXFRHIILFLHQWGHGLIIXVLRQGHVFDWLRQVTXLGLIIXVHQW
j WUDYHUV ODFRXFKHG¶R[\GH ODYLWHVVHG¶R[\GDWLRQH[SULPpHjSDUWLUGH ODSULVHGHPDVVH
V¶pFULW>@
eTXDWLRQ݀(ȟ݉ ܵൗ )݀ݐ = 12 ݇݌(ȟ݉ ܵൗ )
R UHSUpVHQWHODYLWHVVHGHSULVHGHPDVVHSDUXQLWpGHVXUIDFH
8QHpWXGHUpDOLVpHSDU5LIIDUGHWDO>@DSHUPLVG¶H[SOLTXHUO¶HIIHWGHODSUpVHQFHGX
VLOLFLXP VXU O¶R[\GDWLRQ GH O¶DOOLDJH / /¶R[\GDWLRQ HVW HIIHFWXpH VRXV DLU j GHV
WHPSpUDWXUHVDOODQWGH&j&/HFRPSRUWHPHQWjO¶R[\GDWLRQGX/SHQGDQW






DQDO\VH '5; LQ VLWX TX¶j O¶LQWHUIDFH PpWDOR[\GH 32 IDLEOH   LO \ D IRUPDWLRQ
G¶XQHFRXFKHLQWHUQHGH6L2TXLOLPLWHODGLIIXVLRQH[WHUQHGHVFDWLRQVHWVXUWRXWGXIHUHW
UHWDUGHDLQVLODIRUPDWLRQGHVR[\GHVGHIHU
&HSHQGDQW j  & OH FRPSRUWHPHQW j O¶R[\GDWLRQ GDQV OHV PrPHV FRQGLWLRQV HVW
GLIIpUHQW 8Q SKpQRPqQH GH ©EUHDNDZD\ª VH SURGXLW j FHWWH WHPSpUDWXUH PRQWUDQW XQ




DPpOLRUH OD UpVLVWDQFH j O¶R[\GDWLRQ GH O¶DOOLDJH / >@ /¶LQIOXHQFH GX VLOLFLXP HVW
DFFUXHDXGHVVXVGH&>@
'¶DXWUHV DXWHXUV VH VRQW LQWpUHVVpV j ODQDWXUHGHVR[\GHV IRUPpVDLQVL TX¶j O¶HIIHW GX
WHPSVHWGHODWHPSpUDWXUHVXUO¶R[\GDWLRQGX/
%DXWLVWDHWDO>@RQWSUpSDUpGHVSDVWLOOHVGH/SDUPpWDOOXUJLHGHVSRXGUHV&HV
SDVWLOOHV j   GH GHQVLWp SDU UDSSRUW j OD GHQVLWp WKpRULTXH R[\GpHV j  & VRXV DLU
SHQGDQWKHXUHVUpYqOHQWODSUpVHQFHG¶XQHFRXFKHDGKpUHQWHG¶R[\GHVULFKHVHQFKURPH
DYHFXQHFRXFKHH[WHUQHG¶R[\GHVULFKHVHQIHU )LJXUH'HVSDUWLFXOHVPpWDOOLTXHVGH









$VWHPDQ HW DO >@ RQW pWXGLp O¶R[\GDWLRQ GH SODTXHWWHV GH / VRXV R[\JqQH VHF j
.SHQGDQWKHXUHV(WDQWGRQQpTXH OH IHUGLIIXVHSOXV UDSLGHPHQWTXH OHFKURPH
GDQV&U2 OHVSURSULpWpVSURWHFWULFHVGH OD FRXFKH LQLWLDOH V¶DWWpQXHQW DYHF OH WHPSV8Q
R[\GHULFKHHQIHU O¶KpPDWLWH)H2QRQSURWHFWHXUVHGpYHORSSH(QVXLWH ODPDJQpWLWH







/D FRXUEH GH OD )LJXUH  SUpVHQWH GDQV OHV SUHPLqUHV KHXUHV G¶R[\GDWLRQ XQH DOOXUH
















/HV UpVXOWDWV REWHQXV DX 0(% )LJXUH  PRQWUHQW XQH VXUIDFH KRPRJqQH DSUqV 
KHXUHV G¶R[\GDWLRQ FRPSDUpH j FHOOH REWHQXH DSUqV  KHXUHV G¶R[\GDWLRQ R LO \ D






8QH FDUWRJUDSKLH ;  )LJXUH  D pWp IDLWH VXU O¶DFLHU R[\Gp SHQGDQW  KHXUHV /HV
]RQHVULFKHVHQXQpOpPHQWVRQWUHSUpVHQWpHVSDUOHVFRXOHXUVMDXQHVHWURXJHVDORUVTXHOHV
]RQHV SDXYUHV HQ FHW pOpPHQW VRQW GRQQpHV SDU OHV FRXOHXUV EOHXHV HW QRLUHV /HV
REVHUYDWLRQVPRQWUHQWTXHFHVDPDVVRQWULFKHVHQIHUHWDSSDXYULVHQFKURPHHWPDQJDQqVH
/¶DQDO\VH FKLPLTXHGH OD VXUIDFH KRUV DPDVPRQWUHXQ WDX[pOHYpGH FKURPHHWXQ WDX[











PpWDO &HV DQDO\VHV PRQWUHQW TXH O¶R[\GH 2 HVW ULFKH HQ FKURPH   SDU FRQWUH OHV















































































,O IDXW QRWHU TXH OD JpRPpWULH HVW XQ IDFWHXU LPSRUWDQW j SUHQGUH HQ FRPSWH GDQV OHV
FLQpWLTXHV GH UpDFWLRQ VROLGHJD] 6L RQ FRQVLGqUH SDU H[HPSOH GHV SDUWLFXOHV VSKpULTXHV





/H SURFHVVXV GH FURLVVDQFH IDLW LQWHUYHQLU XQ HQVHPEOH G¶pWDSHV ORFDOLVpHV GDQV GHV
]RQHVUpDFWLRQQHOOHVGLIIpUHQWHV1RXVFRQVLGpURQVTXHODUpDFWLRQG¶R[\GDWLRQGX/HVW
SVHXGRVWDWLRQQDLUH F¶HVWjGLUH TX¶LO Q¶\ D SDV G¶DFFXPXODWLRQ GHV LQWHUPpGLDLUHV
UpDFWLRQQHOVGDQVDXFXQH]RQH UpDFWLRQQHOOH$LQVL HQVXSSRVDQWTX¶XQHGHFHV pWDSHVHVW
©O¶pWDSH OLPLWDQWHª RQ SHXW PRQWUHU TXH OD YLWHVVH GH FURLVVDQFH SHXW V¶pFULUH VRXV XQH








&HWWH K\SRWKqVH VHUD UHWHQXH SRXU O¶pFULWXUH GX PRGqOH G¶R[\GDWLRQ GHV JUDLQV GH /
FRQVLGpUpVVSKpULTXHV)LJXUH1RXVVXSSRVRQVTXHOHVJUDLQVGHODSRXGUHGH/VH














JCr =  DCr ȁοCȁ  re
r0(re െ r0) 









= DCr ȁοCȁ  re
r0(re െ r0) . sn0  
DYHF V O¶DLUH GH OD VXUIDFH WUDYHUVpH SDU O¶HVSqFH GLIIXVDQWH VXSSRVpH VSKpULTXH pJDOH j
ʋUHWQOHQRPEUHGHPROHVLQLWLDOGHFKURPHSUpVHQWGDQVJUDLQGH/
(Q LQWURGXLVDQW XQH JUDQGHXU O pJDOH j O¶XQLWp O P QRXV SRXYRQV GpILQLU OD
©UpDFWLYLWpªVXUIDFLTXHĭPROPV












Sm = 4Ɏ re  r0
re െ r0  l0n0
/HGHJUpG¶DYDQFHPHQWɲGHODUpDFWLRQG¶R[\GDWLRQGXFKURPHUHSUpVHQWHOHUDSSRUWHQWUH
OH QRPEUH GH PROHV G¶R[\GH GH FKURPH IRUPp HW OH QRPEUH GH PROHV LQLWLDO GH FKURPH
SUpVHQWGDQVOH/HQWHQDQWFRPSWHGXFRHIILFLHQWVWRHFKLRPpWULTXHpJDOjSRXUFHWWH
UpDFWLRQ










.Ɏ. re 3 െ  43.Ɏ. r03) 
DYHF Q&U2 OH QRPEUH GH PROHV GH &U2 IRUPp HW 9PR[ OH YROXPH PRODLUH GH &U2
'¶DSUqVO¶eTXDWLRQUHSHXWV¶H[SULPHUSDUODUHODWLRQVXLYDQWH
eTXDWLRQ
re =  r0 (1 +
3. n0. Vmox .Ƚ







= Ԅ. 4.Ɏ. r0. l0
n0
(1 +
3. n0. Vmox .Ƚ
8.Ɏ. r03 )1/3
[(1 +
3. n0. Vmox .Ƚ














/¶pFULWXUH GX PRGqOH UHSRVH VXU O¶K\SRWKqVH GH O¶H[SUHVVLRQ GH OD YLWHVVH VHORQ





SDU 3LMRODW HW 6RXVWHOOH >@ HVW HIIHFWXp &HV DXWHXUV SURSRVHQW XQH PpWKRGH
H[SpULPHQWDOH GH ©GpFURFKHPHQWVª TXL FRQVLVWH j PRGLILHU EUXVTXHPHQW j XQ LQVWDQW
GRQQpO¶XQHGHVYDULDEOHVWKHUPRG\QDPLTXHV37GHO¶H[SpULHQFH
/D)LJXUHLOOXVWUHOHSULQFLSHGHODPpWKRGHGHGpFURFKHPHQWXWLOLVpHSRXUYDOLGHUFH






/HV YLWHVVHV DYDQW HW DSUqV GpFURFKHPHQWV VRQW GLIIpUHQWHV FDU HOOHV GpSHQGHQW GH OD
WHPSpUDWXUH$LQVLOHUDSSRUWGHFHVYLWHVVHVHVWpJDODXUDSSRUWGHVUpDFWLYLWpVVXUIDFLTXHV

























































ԄሺY2ሻSm (tb)ԄሺY1ሻSm (tb) = Ԅ(Y2)Ԅ(Y1)

$ORUV VL OH WHVW GH ©ĭ6Pª HVW YDOLGp OD YLWHVVH G¶R[\GDWLRQ GH OD SRXGUH GH /
V¶H[SULPH SDU OH SURGXLW GHV GHX[ IRQFWLRQV ĭ HW 6P eTXDWLRQ  HW QRXV SRXYRQV IDLUH
O¶K\SRWKqVHG¶XQHpWDSHOLPLWDQWHGHFURLVVDQFH 
'DQVODVXLWHGHFHFKDSLWUHOHVH[SpULHQFHVG¶R[\GDWLRQGHODSRXGUHGH/DLQVLTXH
























O¶pFKDQWLOORQ OH IDLVFHDX OXPLQHX[ Q¶HVW SOXV GpWHFWp XQ FRXUDQW pOHFWULTXH
FLUFXODQW GDQV OHV ERELQHV pOHFWURPDJQpWLTXHV OH UpWDEOLW j VD SRVLWLRQ LQLWLDOH
KRUL]RQWDOH /¶LQWHQVLWp GX FRXUDQW pOHFWULTXH DSUqV pWDORQQDJH SHUPHW GH
GpWHUPLQHUODYDULDWLRQGHPDVVHFRUUHVSRQGDQWH̌ OH©FRUSVªLOHVWFRPSRVpGHGHX[HQVHPEOHVV\PpWULTXHVXQSRXUO¶pFKDQWLOORQHW
O¶DXWUHSRXU OD UpIpUHQFHFRQWHQDQW OHV IRXUVDYHFj O¶LQWpULHXUXQ WXEHHQDOXPLQH
GHQVHGHGLDPqWUHFP/HIRXUHVWFRPSRVpG¶XQUpVLVWRUHQJUDSKLWHSHUPHWWDQWGH
FKDXIIHU MXVTX¶j  & &H UpVLVWRU HVW SURWpJp SDU XQ EDOD\DJH G¶DUJRQ 'HV
FUHXVHWV HQ DOXPLQH  FP K FP VRQW PDLQWHQXV SDU GHV VXVSHQVLRQV
GDQVOD]RQHLVRWKHUPHGXIRXU8QWKHUPRFRXSOH3W5K3W5KSODFpHQ
GHVVRXVGHVFUHXVHWVSHUPHWGHGpWHUPLQHUOHVWHPSpUDWXUHVGDQVOHVGHX[IRXUV






,O IDXW QRWHU TX¶XQH WKHUPREDODQFH QRQ V\PpWULTXH DYHF  XQ VHXO IRXU QpFHVVLWH GH
IDLUH GHV EODQFV HW GH VRXVWUDLUH OD OLJQH GH EDVH &HSHQGDQW SRXU XQH WKHUPREDODQFH
V\PpWULTXH LOHVWSRVVLEOHTX¶LOH[LVWHXQH OpJqUHGLVV\PpWULHHQWUH OHVGHX[HQVHPEOHVFH




 8QOLWGHPJGHSRXGUHGH/HVWSODFpGDQVOHFUHXVHWHQDOXPLQH 8QH IRLV TXH OD WKHUPREDODQFH HVW pTXLOLEUpH GHV GHX[ F{WpV XQ YLGH 3D HVW
DSSOLTXp (QVXLWH OD WKHUPREDODQFH HVW UHPSOLH G¶KpOLXP JD] SRUWHXU HW JD] DX[LOLDLUH




G¶XQ SDOLHU GH VL[ KHXUHV /¶R[\GDWLRQ GH OD SRXGUH HVW UpDOLVpH VRXV XQ
PpODQJHGHJD]KpOLXPR[\JqQHDYHFXQGpELWWRWDOGH/K9 UHIURLGLVVHPHQW MXVTX¶j DWWHLQGUH OD WHPSpUDWXUH DPELDQWH DYHF XQH YLWHVVH
GHGHVFHQWHGH&PLQVRXVKpOLXPR[\JqQH













/HVFRXUEHVGHYDULDWLRQGHPDVVH VRQW H[SULPpHV HQPDVVLTXH /DSULVHGHPDVVH





'DQVXQSUHPLHU WHPSVXQHpWXGHVXU OD UHSURGXFWLELOLWpGHVH[SpULHQFHV HVWHIIHFWXpH
VXU OD SRXGUH GH / 3RXU FH IDLUH GHX[ H[SpULHQFHV VRQW UpDOLVpHV GDQV OHV PrPHV
FRQGLWLRQVH[SpULPHQWDOHV&VRXVG¶R[\JqQHSHQGDQWKHXUHVHWHQVXLYDQWOH
















































stabilisation de PO2après 7min
lit de 10 mg de poudre











,O IDXW QRWHU TXH OH ]pUR GH O¶D[H GHV DEVFLVVHV GH OD )LJXUH  QH FRUUHVSRQG SDV j
O¶LQVWDQW©]pURªGHO¶H[SpULHQFHPDLVjFHOXLTXLFRUUHVSRQGjODWHPSpUDWXUHGH&
(QIDLWPDOJUpGHQRPEUHX[UpJODJHVLOVXEVLVWHXQHOpJqUHGLVV\PpWULHGHODEDODQFHTXL





  HW   4XHOV IDFWHXUV LQIOXHQFHQW OD UHSURGXFWLELOLWp GHV H[SpULHQFHV
G¶R[\GDWLRQ"
(WDQWGRQQpTXH ODYLWHVVHGpSHQGGH ODIRQFWLRQ6P OD WDLOOHGHVJUDLQVHVWXQIDFWHXU
LPSRUWDQW LQIOXHQoDQW 6P HW GRQF OD FLQpWLTXH G¶R[\GDWLRQ 6P GpSHQG GH OD JpRPpWULH


















































,,,5HSURGXFWLELOLWp GHV FRXUEHV G¶R[\GDWLRQ GHV
GLIIpUHQWHV IUDFWLRQV JUDQXORPpWULTXHV GH OD SRXGUH
G¶DFLHULQR[\GDEOH/
'DQV FHWWH SDUWLH QRXV SUpVHQWRQV OHV LQIOXHQFHV GH OD WDLOOH GHV JUDLQV VXU OH
FRPSRUWHPHQWjO¶R[\GDWLRQGHODSRXGUHGH/
(WDQW GRQQp TXH OHV H[SpULHQFHV G¶R[\GDWLRQ GH OD SRXGUH GH / VRQW QRQ
UHSURGXFWLEOHV QRXV DYRQV GpFLGp G¶pWXGLHU O¶HIIHW GH OD WDLOOH GH OD SRXGUH VXU VRQ
FRPSRUWHPHQWjO¶R[\GDWLRQ










/¶pWXGH FLQpWLTXH V¶HVW SRUWpH HQVXLWH VXU FHV TXDWUH IUDFWLRQV JUDQXORPpWULTXHV 8QH
pWXGHGHUHSURGXFWLELOLWpSRXUFKDTXHIUDFWLRQDpWpUpDOLVpHDILQGHYDOLGHURXSDVO¶HIIHWGH
ODJUDQXORPpWULHVXUODUHSURGXFWLELOLWpGHVH[SpULHQFHVG¶R[\GDWLRQGHODSRXGUHGH/




/ &HWWH ILJXUH SUpVHQWH GH SOXV OD FRXUEH GH SULVH GH PDVVH FDOFXOpH DYHF OHV
SRXUFHQWDJHV PDVVLTXHV GHV GLIIpUHQWHV IUDFWLRQV GH /7 DLQVL TX¶XQH FRXUEH DMXVWpH













3RXU OHV ILQHV SDUWLFXOHV  P XQH LPSRUWDQWH SULVH GH PDVVH HVW REVHUYpH SDU
UDSSRUWDX[SOXVJURVVHV!PTXLSUpVHQWHQWODSULVHGHPDVVHODSOXVIDLEOH3RXUOHV
SDUWLFXOHV GH IUDFWLRQV LQWHUPpGLDLUHV  P HW  P OHV FRXUEHV GH SULVH GH
PDVVHVHVLWXHQWHQWUHOHVFRXUEHVH[WUrPHV




&HWWH SDUWLH PRQWUH GRQF TXH OD GLVWULEXWLRQ GH WDLOOH GHV SDUWLFXOHV HVW XQ IDFWHXU
LPSRUWDQWSRXYDQWLQIOXHQFHUODUHSURGXFWLELOLWpGHVH[SpULHQFHV


















































courbe calculée à partir du 








'DQV FHWWH SDUWLH QRXV SUpVHQWRQV OHV LQIOXHQFHV GH OD WHPSpUDWXUH HW GH OD SUHVVLRQ
SDUWLHOOH G¶R[\JqQH VXU OH FRPSRUWHPHQW j O¶R[\GDWLRQ GH OD SRXGUH GH / 'HV




/¶HIIHW GH OD WHPSpUDWXUH VXU OD UpDFWLRQ G¶R[\GDWLRQ GH /7  P D pWp








DORUVTXH ODSOXV IDLEOH FRUUHVSRQGj FHOOH j&/DSULVHGHPDVVH DXJPHQWHDYHF OD





























GH SODTXHWWHV PpWDOOLTXHV G¶DFLHU LQR[\GDEOH FI ,,, R O¶RQ D YX TXH OD QDWXUH GHV
R[\GHV IRUPpV HW OD IRUPH GH OD FRXFKH G¶R[\GH GpSHQGHQW GH OD WHPSpUDWXUH j ODTXHOOH
O¶R[\GDWLRQDOLHX
,,,(IIHW GH OD SUHVVLRQ SDUWLHOOH G¶R[\JqQH VXU OH
FRPSRUWHPHQW j O¶R[\GDWLRQ GH OD SRXGUH /7 
P
/¶pWXGH GH O¶HIIHW GH OD SUHVVLRQ SDUWLHOOH G¶R[\JqQH IRXUQLW GHV LQIRUPDWLRQV
LPSRUWDQWHVSRXUO¶pWDEOLVVHPHQWG¶XQPpFDQLVPHG¶R[\GDWLRQ'HFHIDLWQRXVDYRQVpWXGLp






&RPSWH WHQX GH OD UHSURGXFWLELOLWp GLVFXWpH DX SDUDJUDSKH ,,, O¶pFDUW HQWUH OHV
FRXUEHV HVWQpJOLJHDEOH HWQRXVSRXYRQV DLQVLGpGXLUHTXH ODSUHVVLRQSDUWLHOOHG¶R[\JqQH























































FHSDUDJUDSKH VHEDVHQW VXUGHX[ WHFKQLTXHV OH0(%HW OD'5; LQ VLWX /¶XWLOLVDWLRQGX
0(% HQ UDLVRQ GH VD UpVROXWLRQ HVW FRQVDFUpH j O¶pWXGH GH OD PRUSKRORJLH GH OD FRXFKH
G¶R[\GHIRUPpHVXLWHjODUpDFWLRQG¶R[\GDWLRQj&GHODSRXGUH//D'5;LQVLWX
SHUPHW GH FDUDFWpULVHU OD VWUXFWXUH FULVWDOORJUDSKLTXH GHV R[\GHV IRUPpV DX FRXUV GH
O¶R[\GDWLRQ
,,,D2EVHUYDWLRQVPLFURVFRSLTXHVGHODFRXFKHG¶R[\GH
/D )LJXUH  SUpVHQWH OHV REVHUYDWLRQV PLFURVFRSLTXHV GH OD SRXGUH / DSUqV
R[\GDWLRQ j  & SHQGDQW VL[ KHXUHV 1RXV SRXYRQV UHPDUTXHU GLIIpUHQWV QLYHDX[
G¶R[\GDWLRQ GHV JUDLQV VHORQ OHXUV WDLOOHV &HFL H[SOLTXH DORUV OD QRQ UHSURGXFWLELOLWp GHV
















'H IDoRQ TXDOLWDWLYH j O¶LQWpULHXU GX JUDLQ GH / , QRXV REVHUYRQV OHV SLFV GX IHU
PDMRULWDLUHGXFKURPHHWGXQLFNHOHQDFFRUGDYHFODFRPSRVLWLRQGHFHWDOOLDJH8QSLF






PDVV )H &U 1L 6L 2 7RWDO
,      
,,      
,,,      
6XLWH j FHWWH DQDO\VH TXDQWLWDWLYH QRXV SRXYRQV GpGXLUH TX¶LO \ D GHV ]RQHV R[\GpHV
ULFKHVHQFKURPHHWG¶DXWUHVSOXVULFKHVHQIHU&HSHQGDQWLOIDXWVLJQDOHUTXHFHWWHPpWKRGH































































,,,E&DUDFWpULVDWLRQ VWUXFWXUDOH GH OD FRXFKH G¶R[\GH
'LIIUDFWLRQGHVUD\RQV;LQVLWX




GDQV OHV PrPHV FRQGLWLRQV /¶H[SpULHQFH HVW UpDOLVpH VRXV +H  2  OK DYHF XQH
PRQWpHHQWHPSpUDWXUHMXVTX¶j&jXQHYLWHVVHGH&PLQ8QHDQDO\VHHVWIDLWHDX
GpSDUWj&'¶DXWUHVDQDO\VHVVRQWUpDOLVpHVSHQGDQWOHSDOLHUj&



















XQH WUDQVIRUPDWLRQ FULVWDOORJUDSKLTXH GH OD SKDVH DXVWpQLWLTXH GX / ORUV GX
UHIURLGLVVHPHQWFI,,
'DQVOHEXWGHFDOHUOHGLDJUDPPHGHGLIIUDFWLRQGHIDoRQjV¶DIIUDQFKLUGHO¶HUUHXUGXHj




FKURPH &U)H2 &HW R[\GH PL[WH HVW SURSRVp SDU LGHQWLILFDWLRQ GHV UDLHV HW D pWp








:phase austénitique du 304L








,,,F%LODQ GHV DQDO\VHV HW GLVFXVVLRQ VXU OD UpDFWLRQ
G¶R[\GDWLRQGHODSRXGUHGH/
/¶pWXGHSDU0(%GH ODPRUSKRORJLHGH ODSRXGUHGH/R[\GpH j&VRXV
G¶R[\JqQHDpWpFRPSOpWpHSDUGHVDQDO\VHV'5;LQVLWXHWDYHFpWDORQ/DSRXGUHGH
/SUpVHQWHFRPPHQRXVO¶DYRQVYXGDQVOHFKDSLWUH,,XQHFRXFKHQDWLYHGHFKURPLQH
IRUPpH SHQGDQW OD SUpSDUDWLRQ GH OD SRXGUH SDU DWRPLVDWLRQ j O¶HDX &HWWH FRXFKH GH
FKURPLQHYDDSULRULFURvWUHHWIRUPHUXQHFRXFKHGHTXHOTXHVPLFURQVG¶R[\GHGHFKURPH
)LJXUH &HSHQGDQW XQH DPELJXwWp VXU OD QDWXUH GHV R[\GHV IRUPpV HVW SUpVHQWH /HV















/HV REVHUYDWLRQV DX 0(% RQW PRQWUp pJDOHPHQW OD SUpVHQFH GH SRURVLWpV j
O¶LQWHUIDFHPpWDOR[\GHHWGDQV OHF°XUPpWDOOLTXHGHVJUDLQV&HFLPRQWUHTXH OH VHQVGH
FURLVVDQFH GH OD FRXFKH HVW H[WHUQH FRPPH GDQV OH FDV G¶R[\GDWLRQ GH SODTXHWWHV &HWWH




pOpPHQWV FKURPH &U SXLV IHU )H /D FURLVVDQFH HVW G¶DXWDQW SOXV LPSRUWDQWH TXH OH




/HV FRXUEHV GH SULVH GH PDVVH GH OD UpDFWLRQ G¶R[\GDWLRQ GH OD SRXGUH GX /
SUpVHQWHQWXQH DOOXUHSDUDEROLTXH /DFLQpWLTXHG¶R[\GDWLRQHVW DORUVSULQFLSDOHPHQW UpJLH
SDU OD GLIIXVLRQ GHV LRQV PpWDOOLTXHV /¶R[\GDWLRQ GH OD SRXGUH GpSHQG DXVVL GH OD
WHPSpUDWXUHGHODWDLOOHGHVJUDLQVPDLVQHGpSHQGSDVGHODSUHVVLRQSDUWLHOOHG¶R[\JqQH
(Q VH EDVDQW VXU FHV GRQQpHV HW DSUqV OD YpULILFDWLRQ GX WHVW GH © 6Pª OH PRGqOH
G¶R[\GDWLRQ SUpVHQWp DX  ,,, HVW FRQIURQWp DX[ GRQQpHV H[SpULPHQWDOHV (QVXLWH OH








WHVW GH © 6Pª TXL IDLW DSSHO j OD PpWKRGH GHV GpFURFKHPHQWV /HV H[SpULHQFHV VRQW
UpDOLVpHVVXUOH7$*GH6HWDUDP/HSURWRFROHVXLYLHVWOHPrPHTXHFHOXLGpMjGpFULWjOD
)LJXUH  (Q GpEXWDQW O¶H[SpULHQFH j XQH WHPSpUDWXUH 7  & FHOOHFL HVW HQVXLWH
DXJPHQWpHEUXVTXHPHQWGH7j7&WHOOHTXH7 7&&HWHVWHVWHIIHFWXpj





GHV SHQWHV GHV VHJPHQWV GH GURLWHV DMXVWpV j OD SULVH GH PDVVH HQ IRQFWLRQ GX WHPSV /D

































































$LQVL OH IDLWTXH OH WHVWGX ©ĭ6PªVRLWYDOLGpGDQVGHX[GRPDLQHVGLVWLQFWV UDSSRUW
GHV YLWHVVHV FRQVWDQW LQGLTXH TXH GDQV FKDFXQ GH FHV GRPDLQHV OD YLWHVVH GH OD UpDFWLRQ






KHXUHVQRXVSRXYRQVVXSSRVHUTXHGDQVXQSUHPLHU WHPSVF¶HVW ODGLIIXVLRQGHV LRQV
&U TXL OLPLWH OD YLWHVVH GH OD UpDFWLRQ $ SDUWLU G¶XQH FHUWDLQH pSDLVVHXU G¶R[\GH GH
FKURPHF¶HVW ODGLIIXVLRQGHV LRQV)HTXL OLPLWH ODYLWHVVHGH OD UpDFWLRQG¶R[\GDWLRQ OD
FRXFKHH[WHUQHG¶R[\GHGHYHQDQWULFKHHQIHU
/D )LJXUH UHSUpVHQWH OD FRQIURQWDWLRQ HQWUH OD YLWHVVH H[SpULPHQWDOH j & HW OD
YLWHVVHWKpRULTXHFIeTXDWLRQFRQVLGpUDQWOHVSDUWLFXOHVGH/FRPPHVSKpULTXHVHQ
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Prise de masse (% mass.)
1h






PR\HQ LQLWLDO U pJDO j  P /H GHJUp G¶DYDQFHPHQW Į TXL UHSUpVHQWH OH UDSSRUW GH OD
YDULDWLRQGHPDVVH H[SpULPHQWDOHSDU UDSSRUW j ODYDULDWLRQGHPDVVH WKpRULTXHQpFHVVDLUH
SRXUR[\GHUOHFKURPHSUpVHQWGDQVO¶DOOLDJHV¶H[SULPHSDU
eTXDWLRQȽ = ȟmȟmth = ȟm3
4













































(Q VH EDVDQW VXU FHV GRQQpHV HW HQ WUDoDQW OQ ĭ   I7 )LJXUH  XQH GURLWH HVW








5 REWHQX j SDUWLU GHV GpFURFKHPHQWV GH WHPSpUDWXUH GDQV OH GRPDLQH DOODQW MXVTX¶j K
G¶R[\GDWLRQ )LJXUH  /¶pQHUJLH G¶DFWLYDWLRQ DSSDUHQWH DLQVL FDOFXOpH HVW GH O¶RUGUH GH
N-PRO&HWWHYDOHXUHVWYRLVLQHGHFHOOHGXV\VWqPH&U&U2N-PRO>@PDLV
QHWWHPHQWVXSpULHXUHjODYDOHXUREWHQXHjSDUWLUGHVH[SpULHQFHVLVRWKHUPHVN-PRO
1pDQPRLQV OHV GHX[ PpWKRGHV GH FDOFXO GRQQHQW GHV YDOHXUV GH O¶pQHUJLH G¶DFWLYDWLRQ
DSSDUHQWHSURFKHVGHN-PROHWTXLFRUUHVSRQGHQWDXV\VWqPH&U&U21RXVSRXYRQV

















GRQF HQ GpGXLUH TXH F¶HVW OH FKURPH TXL V¶R[\GH GDQV OH SUHPLHU GRPDLQH j SDUWLU GH K
MXVTX¶jKG¶R[\GDWLRQ
$SDUWLUGHKGXGpEXWGHODUpDFWLRQHWMXVTX¶jKOHUDSSRUWHVWFRQVWDQWSRXUXQH










GDQV OH PpWDO DSUqV R[\GDWLRQ )LJXUH  1RXV DYRQV DXVVL PRQWUp SUpFpGHPPHQW TXH
FHWWHUpDFWLRQG¶R[\GDWLRQQHGpSHQGSDVGHODSUHVVLRQSDUWLHOOHG¶R[\JqQH
1RXV SRXYRQV GRQF SURSRVHU HQ VH EDVDQW VXU OHV UpVXOWDWV REWHQXV XQ PpFDQLVPH
UHSUpVHQWDWLI GH OD UpDFWLRQ G¶R[\GDWLRQ GX FKURPH ,O IDXW UDSSHOHU TX¶XQ PpFDQLVPH GH
FURLVVDQFH SHXW rWUH GpFRPSRVp HQ XQH VpTXHQFH G¶pWDSHV pOpPHQWDLUHV DGVRUSWLRQ





/HPpFDQLVPHGH FURLVVDQFHGH OD FRXFKHG¶R[\GHGH FKURPHSHXW rWUH GpFULW FRPPH
VXLW
 (WDSHDGVRUSWLRQGLVVRFLDWLYHGXGLR[\JqQH
/¶R[\JqQH GH OD SKDVH JD]HXVH V¶DGVRUEH HQ VXUIDFH GH O¶R[\GH &U2HW VH GLVVRFLH
DYDQWG¶rWUHLQFRUSRUpDXUpVHDXGHO¶R[\GH
O2 + 2s 
 








8QH IRLV O¶R[\JqQH DGVRUEp LO SHXW UpDJLU VXU FHWWH LQWHUIDFH H[WHUQH SRXU FUpHU XQH
EULTXHG¶R[\GHGHFKURPH
3O െ s + 2Cri extǥ +  6Ԣext 2CrCr  ext + 3OO ext + 3s 
&HWWH UpDFWLRQPHWHQ MHXGHX[ LRQVGHFKURPHLQWHUVWLWLHOHWVL[pOHFWURQVj O¶LQWHUIDFH
H[WHUQH
 (WDSHGLIIXVLRQ










/D FUpDWLRQ GHV LRQV &U LQWHUVWLWLHOV j O¶LQWHUIDFH LQWHUQH ODLVVH GHV ODFXQHV GDQV OH
PpWDO
CrCr métal   Cri
ǥ
int  
















SOXV UDSLGHPHQW TXH OH IHU DX FRXUV GHV SUHPLqUHV KHXUHV G¶R[\GDWLRQ 8QH FRPELQDLVRQ























   NN
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   NN











(WDQW GRQQp TXH O¶pWDSH OLPLWDQWH HVW XQH GLIIXVLRQ j O¶pWDW VROLGH GH O¶LQWHUPpGLDLUH
UpDFWLRQQHO&ULODIRQFWLRQUpDFWLYLWpVXUIDFLTXHGHFURLVVDQFHGDQVOHFDVRODGLIIXVLRQ
HVWOLPLWDQWHHVWGRQQpHSDU>@
eTXDWLRQԄdiff = D. [ȟC]
l0
 
R' HVW OH FRHIILFLHQWGHGLIIXVLRQGXFKURPH ¨& HVW ODGLIIpUHQFHGH FRQFHQWUDWLRQV HQ
FKURPHGHVGHX[F{WpVGHODFRXFKHGLIIXVLRQQHOOHHWOHVWXQHORQJXHXUSULVHpJDOHjP
GHPDQLqUHjUHVSHFWHUO¶XQLWpGHĭHQPROGH&U2PV'HSOXVFRPPHHQFLQpWLTXH
KRPRJqQH OH IDLW TX¶XQH GHV pWDSHV pOpPHQWDLUHV GX PpFDQLVPH VRLW VXSSRVpH OLPLWDQWH
LPSOLTXH TXH WRXWHV OHV DXWUHV pWDSHV VRQW j O¶pTXLOLEUH 3RXU FKDFXQH GHV pWDSHV QRQ
OLPLWDQWHV LO HVW GRQF SRVVLEOH G¶pFULUH OD FRQVWDQWH G¶pTXLOLEUH HQ IRQFWLRQ GHV
FRQFHQWUDWLRQVGHV HVSqFHV LPSOLTXpHVGDQV O¶pWDSH UpDFWLRQQHOOH FRQVLGpUpH 7DEOHDX





eTXDWLRQԄ =  1ɉԄdiff = 12 DCr iǥ [ȟC]l0  
R ǻ&   >&UÂÂÂL LQW@>&UÂÂÂL H[W@ HW '&ULÂÂÂ HVW OH FRHIILFLHQW GH GLIIXVLRQ GHV LRQV GH FKURPH
LQWHUVWLWLHOV
/HVDXWUHVpWDSHVpWDQWVXSSRVpHVjO¶pTXLOLEUHO¶H[SUHVVLRQGHĭREWHQXHHQH[SULPDQW












DYHF . OD FRQVWDQWH GH OD UpDFWLRQ G¶R[\GDWLRQ GX FKURPH HW 32 OD SUHVVLRQ SDUWLHOOH




WKHUPRG\QDPLTXHV GX ORJLFLHO &RDFK GH 7KHUPRGDWD OH WHUPH .32 HVW
QpJOLJHDEOH GHYDQW  /¶H[SUHVVLRQ GH ĭ HVW GRQF LQGpSHQGDQWH GH OD SUHVVLRQ SDUWLHOOH
G¶R[\JqQH FHFL HVW HQ DFFRUG DYHF OHV UpVXOWDWV REWHQXV ORUV GH O¶pWXGH GH O¶HIIHW GH OD
SUHVVLRQSDUWLHOOHG¶R[\JqQHVXUODUpDFWLRQG¶R[\GDWLRQFI,,,
,,,E5HODWLRQHQWUHĭ et kp
/¶R[\GDWLRQ GHV DOOLDJHV PpWDOOLTXHV D pWp VRXYHQW UpDOLVpH VXU GHV SODTXHWWHV
PpWDOOLTXHV HQ GpILQLVVDQW XQH FRQVWDQWH SDUDEROLTXH NS SURSRUWLRQQHOOH DX FRHIILFLHQW GH
GLIIXVLRQGHVFDWLRQVTXLGLIIXVHQWjWUDYHUVODFRXFKHG¶R[\GHFI,,,
'DQV FH FKDSLWUH QRXV DYRQV H[SULPp ODYLWHVVHG¶R[\GDWLRQGH O¶DOOLDJH /GH
JpRPpWULH VSKpULTXH HQ GpILQLVVDQW OD JUDQGHXU ĭ 6DFKDQW TXH ĭ HW NS GpSHQGHQW GH OD

























































'¶DSUqV FHWWH UHODWLRQ HW SRXU OD YDOHXU GH ĭ REWHQXH SUpFpGHPPHQW j  & QRXV







/ 'HV DQDO\VHV SDU WKHUPRJUDYLPpWULH $7* GLIIUDFWLRQ GHV UD\RQV ; '5; HW
PLFURVFRSLHpOHFWURQLTXHjEDOD\DJH0(%RQWpWpUpDOLVpHVDILQGHFRPSUHQGUHDXPLHX[
OHFRPSRUWHPHQWGHFHWWHSRXGUHjO¶R[\GDWLRQ
/¶pWXGH SDU WKHUPRJUDYLPpWULH D pWp UpDOLVpH HVVHQWLHOOHPHQW j  & VRXV  
G¶R[\JqQHVXUXQOLWGHPJGHODSRXGUH/7/HVFRXUEHVGHSULVHGHPDVVH
RQW PRQWUp XQ FRPSRUWHPHQW SDUDEROLTXH WpPRLQ G¶XQH pWDSH OLPLWDQWH GH GLIIXVLRQ 'H








/¶pWXGH SDU 0(% GH OD PRUSKRORJLH GH OD SRXGUH G¶DFLHU LQR[\GDEOH / DSUqV OD
UpDFWLRQG¶R[\GDWLRQj&SHQGDQWKHXUHVVRXVG¶R[\JqQHPRQWUHTXHODFRXFKH
QDWLYH GH FKURPLQH GpMj SUpVHQWH DXWRXU GHV JUDLQV PpWDOOLTXHV YD FURvWUH HW IRUPHU XQH
FRXFKHGHTXHOTXHVPLFURQVG¶R[\GHGHFKURPH&HWWHFRXFKHG¶R[\GHIRUPpHVHGpYHORSSH







GH O¶pWDSH OLPLWDQWH XWLOLVDQW OD PpWKRGH GH GpFURFKHPHQW /D YLWHVVH D pWp H[SULPpH HQ
FRQVLGpUDQWXQHSDUWLFXOH VSKpULTXHGH//HPRGqOHDSUpVHQWpXQHERQQHFRUUpODWLRQ
DYHFOHVGRQQpHVH[SpULPHQWDOHV/HVYDOHXUVGHVGHX[JUDQGHXUVĭHWNSGHODOLWWpUDWXUH
pWDQW VLPLODLUHV QRXV DYRQV FRQFOX TXH OD SRXGUH GH / D OH PrPH FRPSRUWHPHQW TXH
FHOXLGHSODTXHWWHVPpWDOOLTXHVGHPrPHFRPSRVLWLRQHQFKURPHHWQLFNHO

































&H FKDSLWUH SUpVHQWH O¶HQVHPEOH GHV UpVXOWDWV REWHQXV VXU O¶R[\GDWLRQ j  & G¶XQ
FHUPHW PRGqOH /<6= ,O IDLW VXLWH DX FKDSLWUH ,, FRQVDFUp j O¶pODERUDWLRQ GH FH
FRPSRVLWH 
&HFKDSLWUHHVWVpSDUpHQWURLVSDUWLHV
 '¶DERUG QRXV GpFULYRQV OH SURJUDPPH H[SpULPHQWDO HQ GLVFXWDQW OHV UpVXOWDWV
PDUTXDQWV GH OD UHSURGXFWLELOLWp GHV HIIHWV GH OD WHPSpUDWXUH HW GH OD SUHVVLRQ
SDUWLHOOHG¶R[\JqQHVXUODUpDFWLRQG¶R[\GDWLRQ
 'DQV OD VHFRQGH SDUWLH QRXV H[SRVRQV OHV FDUDFWpULVDWLRQV GX FHUPHW R[\Gp SDU
PLFURVFRSLH j EDOD\DJH pOHFWURQLTXH 0(% pPLVVLRQ DFRXVWLTXH GLIIUDFWLRQ GHV




 'DQV OD GHUQLqUH SDUWLH XQH FRPSDUDLVRQ HQWUH OH FRPSRUWHPHQW j O¶R[\GDWLRQ GX
FHUPHWHWGHODSRXGUHGH/HVWUpDOLVpH/HWHVWGXĭ6PHVWXWLOLVpGDQVOHEXWGH









































































































stabilisation de PO2 après 
7 min









/D UHSURGXFWLELOLWp GHV H[SpULHQFHV G¶R[\GDWLRQ GH GLIIpUHQWV FHUPHWV GH W\SH$ D pWp
pWXGLpH/D)LJXUHSUpVHQWHODSULVHGHPDVVHH[SULPpHHQPDVVLTXHHQIRQFWLRQGX
WHPSVGHVFHUPHWV$DLQVLTXHGHGLIIpUHQWVGLVTXHVLVVXVGXPrPHFHUPHW








'DQV OH FKDSLWUH ,,, QRXV DYRQV PRQWUp TXH OD JUDQXORPpWULH GH OD SRXGUH /
LQIOXHQFHODUHSURGXFWLELOLWpGHVH[SpULHQFHV/DVXLWHGHO¶pWXGHGHO¶R[\GDWLRQGHVFHUPHWV



























































7RXW G¶DERUG QRXV SUpVHQWRQV OHV UpVXOWDWV GH OD UHSURGXFWLELOLWp GHV H[SpULHQFHV
G¶R[\GDWLRQGXFHUPHW%SUpSDUpjO¶DLGHGHODSRXGUH/7P1RXVUDSSHORQV
TXHFHWWHIUDFWLRQDpWpXWLOLVpHGDQVO¶pWXGHGHO¶R[\GDWLRQGHODSRXGUHGH/
'HV HVVDLV UpDOLVpV j GLIIpUHQWHV WHPSpUDWXUHV G¶R[\GDWLRQ HW O¶HIIHW GH OD SUHVVLRQ
SDUWLHOOHG¶R[\JqQHVXUO¶R[\GDWLRQGXFHUPHWVRQWpJDOHPHQWSUpVHQWpV
,95HSURGXFWLELOLWpGHVHVVDLVG¶R[\GDWLRQ
/¶pWXGH GH OD UHSURGXFWLELOLWp GHV HVVDLV G¶R[\GDWLRQ j  & D pWp UpDOLVpH VXU
GLIIpUHQWV FHUPHWV % DLQVL TXH VXU GHX[ GLVTXHV LVVXV GHVPrPHV FHUPHWV % HW % /HV
H[SpULHQFHV VRQW IDLWHV GDQV OHV PrPHV FRQGLWLRQV RSpUDWRLUHV TXH SUpFpGHPPHQW /D

























































HQ ILQ G¶R[\GDWLRQ GHV pFKDQWLOORQV HVW pTXLYDOHQW j FHOXL GHV FHUPHWV $ (Q UHYDQFKH OD
SULVHGHPDVVHGHVFHUPHWV%GDQVOHSUHPLHUGRPDLQHVHPEOHSOXVLPSRUWDQWH
/D )LJXUH  FRUUHVSRQG DX JUDSKH GH SULVH GH PDVVH HW j OD YLWHVVH G¶R[\GDWLRQ HQ







































































































































$ILQG¶pWXGLHU O¶HIIHWGH ODSUHVVLRQSDUWLHOOHG¶R[\JqQHVXU ODUpDFWLRQG¶R[\GDWLRQGX
FHUPHWj&QRXVDYRQVHXUHFRXUVjODPpWKRGHGHGpFURFKHPHQW&HWWHPpWKRGHQRXV
SHUPHW G¶pWXGLHU O¶HIIHW GH OD SUHVVLRQ SDUWLHOOH HQ R[\JqQH ELHQ TXH OHV H[SpULHQFHV QH
VRLHQW SDV UHSURGXFWLEOHV >@ >@ (Q SDUWDQW GH OD SUHVVLRQ SDUWLHOOH GH  N3D GHV







IRQFWLRQGH ODSUHVVLRQSDUWLHOOHHQR[\JqQH )LJXUH1RXVSRXYRQV UHPDUTXHUTXHFH
UDSSRUW Q¶HVW SDV FRQVWDQW HW TX¶LO DXJPHQWH UpJXOLqUHPHQW DYHF OD SUHVVLRQ SDUWLHOOH
G¶R[\JqQH &H UpVXOWDW PRQWUH TXH OHV FRPSRUWHPHQWV j O¶R[\GDWLRQ GHV FHUPHWV HW GH OD
SRXGUH / QH VRQW SDV DQDORJXHV /¶HUUHXU H[SpULPHQWDOH HVW GH O¶RUGUH GH  $LQVL











































'HV REVHUYDWLRQV DX 0(% GHV FRXSHV WUDQVYHUVDOHV GHV GLIIpUHQWV FHUPHWV R[\GpV j
&RQWpWpHIIHFWXpHV
/HV )LJXUH  HW )LJXUH  SUpVHQWHQW XQH YXH JOREDOH GHV FHUPHWV $ HW $



































FHUPHW $ SUpVHQWDQW XQH SULVH GH PDVVH ILQDOH SOXV LPSRUWDQWH TXH FHOOH GX FHUPHW




'HV FDUDFWpULVWLTXHV VLPLODLUHV VRQW REVHUYpV VXU OHV FHUPHWV % HW % R[\GpV
)LJXUH/HFHUPHW%D\DQWXQHSULVHGHPDVVHILQDOHSOXVJUDQGHTXH%SUpVHQWH
XQHFRXFKHG¶R[\GHSOXV LPSRUWDQWHDLQVLTXHGHQRPEUHXVHVILVVXUHVFRPSDUpDXFHUPHW















G¶R[\GH DXWRXU GH FHUWDLQV JUDLQV PpWDOOLTXHV VXUWRXW FHX[ SUpVHQWV j O¶LQWpULHXU GX
PDWpULDX8QFRPSRUWHPHQWKpWpURJqQHjO¶R[\GDWLRQDXVHLQGXFHUPHW%HVWUHPDUTXp
/HV SDUWLFXOHV PpWDOOLTXHV SUpVHQWHV j OD VXUIDFH HQ FRQWDFW GLUHFW DYHF O¶DWPRVSKqUH















/D)LJXUH UHSUpVHQWHXQH LPDJH0(%G¶XQH FRXSH WUDQVYHUVH GHV FHUPHWV$ HW
%IDLEOHPHQWR[\GpV/D)LJXUHDPRQWUHXQJUDLQPpWDOOLTXHJULVIRQFpGHSHWLWH
GLPHQVLRQ GDQV OD PDWULFH GH ]LUFRQH \WWULpH JULV FODLU SUpVHQWDQW GHV QRGXOHV





/D )LJXUH  HVW FRQVDFUpH DX[ FHUPHWV $ HW % IRUWHPHQW R[\GpV 8Q JUDLQ
PpWDOOLTXHHQWRXUpG¶XQHFRXFKHG¶R[\GHG¶pSDLVVHXUUHODWLYHPHQWLPSRUWDQWHSDUUDSSRUWj
OD WDLOOH GX JUDLQ HVW REVHUYp /D FRXFKH G¶R[\GH SUpVHQWH GH QRPEUHXVHV SRURVLWpV 'H

















































































'H IDoRQ TXDOLWDWLYH j O¶LQWHUIDFH PpWDOR[\GH ]RQH , QRXV REVHUYRQV GHV SLFV GH
FKURPHPDMRULWDLUHGHIHUGH]LUFRQHHWGHO¶R[\JqQH&HSHQGDQWGHO¶R[\JqQHDYHFXQ
SLFSOXVLPSRUWDQWGHIHUHVWREVHUYpHQDQDO\VDQWODFRXFKHH[WHUQH]RQH,,/HSLFGHIHU
GHYLHQW SOXV LPSRUWDQW TXH FHOXL GX FKURPH GDQV OD SDUWLH H[WHUQH GH OD FRXFKH G¶R[\GH
]RQH,,,




/HV FRHIILFLHQWV GH UpWURGLIIXVLRQ Ș GHV GLIIpUHQWHV SKDVHV SUpVHQWHV GDQV OH



























eTXDWLRQɄi =  2െ9 ξZൗ 
3RXUXQFRPSRVpGpILQLGRQWOHVpOpPHQWVRQWGHVQXPpURVDWRPLTXHVSURFKHVOHFRHIILFLHQW
GHUpWURGLIIXVLRQGXFRPSRVpHVWGRQQpSDU
























]RQH ODSOXVFODLUH Ș OHSOXVJUDQG/DYDOHXUGHȘGH O¶DOOLDJHHVWPRLQV LPSRUWDQWHTXH
FHOOHGH=U2HWGRQFOHJULVGHODSKRWR0(%HVWSOXVVRPEUH/DFRXFKHH[WHUQH)H2HVW













/DILVVXUDWLRQDpWpVXLYLHj O¶DLGHG¶XQFRXSODJHHQWUH OD WKHUPRJUDYLPpWULH 7$*HW










































































GH VLJQDX[ DFRXVWLTXHV DSSDUDLVVHQW SHQGDQW OD SUHPLqUH pWDSH GH O¶R[\GDWLRQ OH SUHPLHU




/H QRPEUH GH VDOYHV HQUHJLVWUpHV SHQGDQW OH UHIURLGLVVHPHQW HVW VLJQLILFDWLI PDLV
PRGpUp&HVILVVXUHVVRQWGXHVDX[GLIIpUHQFHVHQWUHOHVFRHIILFLHQWVGHGLODWDWLRQWKHUPLTXH
GH OD ]LUFRQHGH O¶DFLHU / FI , HW GH OD FRXFKHR[\GpH [ &  >@/D
)LJXUH  UHSUpVHQWH O¶DPSOLWXGH GHV VDOYHV HQ IRQFWLRQ GX WHPSV /D IRUPH HW OHV
SDUDPqWUHVG¶XQHVDOYHG¶DPSOLWXGHpOHYpHVRQWSUpVHQWpVGDQVOD)LJXUH
/¶DPSOLWXGH GHV VDOYHV HQ GpEXW G¶R[\GDWLRQ HVW WUqV pOHYpH MXVTX¶j  G% /D




































































































8QH DQDO\VH GH OD VXUIDFH G¶XQ FHUPHW $ R[\Gp j  & SHQGDQW  KHXUHV D pWp












WKHUPRJUDYLPpWULTXH )LJXUH8QHSDVWLOOHGH ]LUFRQH \WWULpH IULWWpH FRPPH OH FHUPHW
GDQV XQH DWPRVSKqUH UpGXFWULFH j  & HVW HQVXLWH R[\GpH GDQV XQH WKHUPREDODQFH j


















       
 
Quadratic ZrO2 
















8Q FKDQJHPHQW GH FRXOHXU G¶XQH ]LUFRQH \WWULpH IULWWpH SDU 636 D pWp VLJQDOp SDU






,96XLYL GH O¶R[\GDWLRQ GX FHUPHW SDU GLIIUDFWLRQ
GHVUD\RQV;LQVLWX




/H FHUPHW IULWWp SUpVHQWH FRPPH QRXV O¶DYRQV GpMj YX XQH SKDVH TXDGUDWLTXH
PDMRULWDLUHDYHFXQHSKDVHPRQRFOLQLTXHGH]LUFRQHXQHSKDVHDXVWpQLWLTXHGX/DLQVL





































/¶DQDO\VH SDU VSHFWURVFRSLH GHV pOHFWURQV $XJHU $(6 )LJXUH  j O¶LQWHUIDFH
PpWDOR[\GHQRXVGRQQHGHVLQIRUPDWLRQVLQWpUHVVDQWHVVXUOHVFRXFKHVG¶R[\GHV/HSURILO
$(6GpFULWOHVpOpPHQWVSUpVHQWVOHORQJG¶XQHOLJQHKRUL]RQWDOHGHSXLVOHPpWDOSDVVDQWSDU





































: Acier austénitique 304L
: Fe ɲ


















GH QLFNHO GLPLQXHQW 3OXV RQ DYDQFH GDQV OD FRXFKH G¶R[\GH SOXV OH WDX[ GH FKURPH
GLPLQXHHW FHOXLGX IHU DXJPHQWH(Q V¶DSSURFKDQWGH O¶LQWHUIDFHGH OD ]LUFRQH OD FRXFKH
G¶R[\GH HVW SOXV ULFKH HQ IHU (QILQ HQ SDVVDQW GDQV OD PDWULFH GH ]LUFRQH \WWULpH OHV
pOpPHQWV PpWDOOLTXHV QH VRQW SOXV GpWHFWpV j O¶H[FHSWLRQ GX IHU TXL HVW GpWHFWp j XQH
GLVWDQFHGHjPGDQVOD]LUFRQH&HFLVLJQLILHTX¶LO\DXQHOpJqUHGLIIXVLRQGHVFDWLRQV
GHIHUGDQVODPDWULFHGH]LUFRQHHQVXSSRVDQWTXHFHFLQ¶HVWSDVGjXQHHUUHXUGHPHVXUH



































,9,QWHUSUpWDWLRQ GHV FDUDFWpULVDWLRQV GX FHUPHW
R[\Gp
/HV FRXUEHV GH SULVH GH PDVVH GHV FHUPHWV SUpVHQWHQW XQ JDLQ GH PDVVH UDSLGH GqV
O¶LQWURGXFWLRQGHO¶R[\JqQHMXVTX¶DXGpEXWGXSDOLHULVRWKHUPHHWLVREDUH(QVXLWHODSULVH
GHPDVVHHVWPRLQVLPSRUWDQWHHWQ¶DXJPHQWHTXHOpJqUHPHQWMXVTX¶jODILQGHO¶H[SpULHQFH
/D SULVH GH PDVVH LPSRUWDQWH REWHQXH GDQV OH SUHPLHU GRPDLQH GH SULVH GH PDVVH UDSLGH
PRQWUHTXH ODPDWULFH ]LUFRQHSRVVpGDQWXQH FRQGXFWLYLWp LRQLTXH LPSRUWDQWH DVVXUHXQH
GLIIXVLRQWUqVUDSLGHGHO¶R[\JqQHHWDERXWLWjXQHR[\GDWLRQUDSLGHGHVJUDLQVPpWDOOLTXHV
/HPDQTXHGHUHSURGXFWLELOLWpGHVHVVDLVG¶R[\GDWLRQHVWUHPDUTXpSRXUOHVFHUPHWV$HW
SRXU OHV FHUPHWV % SUpSDUpV DYHF XQH FODVVH JUDQXORPpWULTXH UHVVHUUpH &HWWH QRQ
UHSURGXFWLELOLWp SHXW rWUH OLpH j XQH YDULDWLRQ GH O¶DSSRUW G¶R[\JqQH DX QLYHDX GHV JUDLQV
PpWDOOLTXHVGH//HVpFKDQWLOORQVSUpVHQWDQWGHVILVVXUHVDSUqVIULWWDJHSKpQRPqQHGX




GH O¶pFKDQWLOORQ /HV JUDLQV PpWDOOLTXHV SUpVHQWHQW XQH FRXFKH G¶R[\GH FRPSOH[H 'HV
QRGXOHV VRQW GLVWLQJXpV j O¶LQWHUIDFH LQWHUQH PpWDOR[\GH /HV QRGXOHV VRQW FRPSRVpV
G¶R[\GH GH FKURPH &U2 ,OV VRQW FDUDFWpULVWLTXHV G¶XQH FURLVVDQFH j GpYHORSSHPHQW
LQWHUQHGHO¶R[\GH'DQVODSDUWLHH[WHUQHGHODFRXFKHG¶R[\GHODFRXFKHHVWULFKHHQIHU
$ILQ GH PLHX[ FRPSUHQGUH OD SULVH GH PDVVH GDQV OH SUHPLHU GRPDLQH GH OD UpDFWLRQ
QRXV DYRQV FDOFXOp OD FRQWULEXWLRQ GHV QRGXOHV j OD SULVH GH PDVVH GX FHUPHW $LQVL HQ
FRQVLGpUDQW  QRGXOHV SDU JUDLQ GH GLDPqWUH PR\HQ  P OD SULVH GH PDVVH
FRUUHVSRQGDQWHVWGHO¶RUGUHGH&HWWHYDOHXUFRUUHVSRQGjODSULVHGHPDVVHGXHj
OD IXLWH G¶R[\JqQH GDQV O¶KpOLXP DLQVL TX¶j XQH SDUWLH GX GpEXW GH SULVH GH PDVVH GH OD
UpDFWLRQ/DIRUWHSULVHGHPDVVHQHV¶H[SOLTXHTXHSDUODFURLVVDQFHGHODFRXFKHG¶R[\GH
PL[WHVLPXOWDQpPHQWDYHFODIRUPDWLRQGHVQRGXOHV
/H FHUPHW R[\Gp SUpVHQWH GHV ILVVXUHV GDQV OD ]LUFRQH 6L RQ FRQVLGqUH OH UDSSRUW GH
3LOOLQJ DQG %HGZRUWK GHV V\VWqPHV )H2)H  HW &U2&U  O¶H[SDQVLRQ
YROXPLTXHGHVSDUWLFXOHVPpWDOOLTXHVGXHjO¶R[\GDWLRQFUpHGHVFRQWUDLQWHVGDQVODPDWULFH
]LUFRQHTXLVHWUDGXLVHQWSDUODIRUPDWLRQGHVILVVXUHV/HFRXSODJHGHODWKHUPRJUDYLPpWULH
DYHF O¶pPLVVLRQ DFRXVWLTXH D SHUPLV G¶HQUHJLVWUHU GH QRPEUHX[ VLJQDX[ GDQV OH SUHPLHU








PpWDOOLTXHV GH UD\RQ U VXVFHSWLEOH GH SURYRTXHU GHV FRQWUDLQWHV ı VXSpULHXUHV j OD











DYHF 5SE OH UDSSRUW GH 3LOOLQJ HW %HGZRUWK GX V\VWqPH &U2&U  ( OH PRGXOH GH
<RXQJGH<6=*3DȞOHFRHIILFLHQWGH3RLVVRQGH<6=ıI ODFRQWUDLQWHjOD
UXSWXUH GH <6= 03D HW / TXL UHSUpVHQWH OD GLVWDQFH PR\HQQH HQWUH OHV SDUWLFXOHV





QH SUpVHQWHQW SOXV OD FRXFKH QDWLYH GH FKURPLQH /D PDWULFH =U2 DJLW FRPPH VRXUFH
G¶R[\JqQH j O¶LQWHUIDFH GX IDLW GX WUDQVSRUW UDSLGH G¶LRQV R[\JqQH YLD OHV ODFXQHV
DQLRQLTXHV/DSULVHGHPDVVHGXSUHPLHUGRPDLQHFRUUHVSRQGjODIRUPDWLRQGHVQRGXOHVGH
&U2 TXL VH GpYHORSSHQW DXWRXU GHV JUDLQV PpWDOOLTXHV /D PDWULFH GH ]LUFRQH VH ILVVXUH
VRXV O¶LPSDFWGHVFRQWUDLQWHVGH OD FRXFKHG¶R[\GHHQ IRUPDWLRQ >@/H IHUGLIIXVHYHUV
O¶LQWHUIDFH H[WHUQHSRXU IRUPHUXQH FRXFKH ULFKH HQ IHU /DSUpVHQFHGH SRURVLWpVGDQV OD
FRXFKHG¶R[\GHSURFKHGHO¶LQWHUIDFHLQWHUQHSHUPHWG¶HQYLVDJHUXQHFURLVVDQFHH[WHUQH
/
R[\GDWLRQ j KDXWH WHPSpUDWXUH GH O¶DFLHU LQR[\GDEOH  / VRXV IRUPH GH SODTXHWWH
>@PRQWUHXQFRPSRUWHPHQWSDUDEROLTXHDYHFXQHFURLVVDQFHH[WHUQHGHODFRXFKH&U2




GHV LRQVR[\JqQHGDQV ODFRXFKHGH&U2 YLD OHV MRLQWVGHVJUDLQV3RXU ODSRXGUH/
F¶HVW OD GLIIXVLRQ FHQWULIXJH GHV FDWLRQV j WUDYHUV OD FRXFKH R[\GpH TXL GRPLQH 'DQV OH























/HV UDSSRUWV 5 GHV YLWHVVHV FDOFXOpHV DSUqV HW DYDQW GpFURFKHPHQW HQ IRQFWLRQ GX
SRXUFHQWDJH PDVVLTXH SRXU WRXV OHV GpFURFKHPHQWV VRQW UHSUpVHQWpV VXU OD )LJXUH 
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$LQVL OH IDLW TXH OH WHVW ©ĭ.6Pª VRLW YDOLGp LQGLTXH TXH OD FLQpWLTXH GH OD UpDFWLRQ
G¶R[\GDWLRQGXFHUPHWHWSOXVSUpFLVpPHQWFHOOHGHO¶R[\GDWLRQGHO¶DFLHU/SUpVHQWGDQV
ODPDWULFHGH]LUFRQH\WWULpHHVWUpJLHSDUXQHpWDSHOLPLWDQWHTXLFRQWU{OHODYLWHVVH















O¶R[\GDWLRQ (Q HIIHW FRPSWH WHQX GHV GpIDXWV SRQFWXHOV GDQV FHV R[\GHV LO Q¶HVW SDV
SRVVLEOHSRXUO¶R[\JqQHGHGLIIXVHUVXUGHVGpIDXWVGXVRXVUpVHDXDQLRQLTXH
'DQV FHWWH SDUWLH RQ GpVLJQH SDU LQWHUIDFH LQWHUQH O¶LQWHUIDFH &U2PpWDO HW SDU



























O െ s ֎ ൫Ojdg  ൯ + s               (2) 
 
 'LIIXVLRQ
&HV HVSqFHV GLIIXVHQW HQVXLWH GH O¶LQWHUIDFH H[WHUQH YHUV O¶LQWHUIDFH LQWHUQH R LOV
SDUWLFLSHQWjODFUpDWLRQGHO¶R[\GH
Ojdg ext ֬ Ojdg int         (3) 





+ 2CrCr 304 L


















/¶R[\JqQH DGVRUEp 2V IRUPH XQH EULTXH G¶R[\GH HQ FUpDQW GHV ODFXQHV FDWLRQLTXHV
VXLYDQWODUpDFWLRQG¶LQWHUIDFHH[WHUQH
3O െ s ֎ 3OOext X + 2VMext ԢԢԢ + 6hext° + 3s     (2͛) 

 'LIIXVLRQGHVGpIDXWVHWGXPpWDOGDQVODFRXFKHG¶R[\GH
&HV GpIDXWV DYHF OHV WURXV G¶pOHFWURQV GLIIXVHQW GH O¶LQWHUIDFH H[WHUQH R LOV VRQW
FUppVYHUVO¶LQWHUIDFHLQWHUQH/HVFDWLRQVPpWDOOLTXHVGLIIXVHQWGDQVOHVHQVLQYHUVH
ܸܯ݁ݔݐ ԢԢԢ  ֬ ܸܯ݅݊ݐ ԢԢԢ                                                            
hext
° ֬ hint°                                                        ;ϯ͛Ϳ 




/D FRQVRPPDWLRQ GHV GpIDXWV j O¶LQWHUIDFH LQWHUQH IDLW DSSDUDvWUH GHV ODFXQHV GDQV OH
PpWDO
VM int
 ԢԢԢ + 3hint° + MM métal ֎ MM oxyde + VM métal      (4͛) 















OHV ODFXQHV PpWDOOLTXHV SHXYHQW GLIIXVHU GDQV OH F°XU GX PpWDO R HOOHV V¶DQQLKLOHQW HQ
IRUPDQWGHVFDYLWpV
nVM ֎ Ԅ          (5͛) 







/D UpDFWLRQ ELODQ GH O¶R[\GDWLRQ LQWHUQH HVW FHOOH GH O¶R[\GDWLRQ GH FKURPH eTXDWLRQ










































3RXU OH FDOFXOGH OD IRQFWLRQ ĭ LQWHUYHQDQWGDQV O¶H[SUHVVLRQGH ODYLWHVVH FI WHVW GX
ĭ6P,9QRXVVXSSRVHURQVTXHODGLIIXVLRQGHVHVSqFHV2MGJHW VRQWOHVpWDSHV
OLPLWDQWHV GH OD FURLVVDQFH LQWHUQH HW H[WHUQH UHVSHFWLYHPHQW /HV UpDFWLYLWpV VXUIDFLTXHV
VRQWG¶DERUGFDOFXOpHVVpSDUpPHQWSRXUFKDFXQGHVGHX[PpFDQLVPHV




 ( [Ojdg  
 ]ext
 
െ  [Ojdg   ]int ) 
R'2HVWOHFRHIILFLHQWGHGLIIXVLRQGH2MGJ HW VRQWOHVFRQFHQWUDWLRQV
HQ2MGJGHVGHX[F{WpVGHODFRXFKHGLIIXVLRQQHOOHH[WHUQHHWLQWHUQHHWOHVWXQHORQJXHXU










eTXDWLRQሾO െ sሿ = [s]ටK1PO2  

HW






  [Ojdg  
 ]ext = K2ටK1PO2  

6L RQ QpJOLJH OD FRQFHQWUDWLRQ j O¶LQWHUIDFH LQWHUQH SDU UDSSRUW j FHOOH GH O¶LQWHUIDFH















 ( ൣVM ԢԢԢ ൧ ext   െ  ൣVM ԢԢԢ ൧ int  ) 









(Q QpJOLJHDQW OD FRQFHQWUDWLRQ GHV ODFXQHV j O¶LQWHUIDFH LQWHUQH SDU UDSSRUW j FHOOH GH
O¶LQWHUIDFH H[WHUQHQRXVSRXYRQV FDOFXOHU OHXU FRQFHQWUDWLRQj O¶LQWHUIDFH H[WHUQH HQQRXV
EDVDQWVXUOHVH[SUHVVLRQVGHVFRQVWDQWHVG¶pTXLOLEUHVGHVDXWUHVpWDSHVpOpPHQWDLUHV
/¶pOHFWURQHXWUDOLWpDX[LQWHUIDFHVLPSRVH
eTXDWLRQሾh .ሿ = 3[VCr ext ԢԢԢ ] 
DORUVQRXVSRXYRQVH[SULPHUODFRQVWDQWHG¶pTXLOLEUH.¶VHORQO¶pTXDWLRQ
eTXDWLRQԢ2 = 3 6  ሾsሿ3ൣVM ԢԢԢ ൧ ext  8ሾO െ sሿ 3    
1RXV SRXYRQV DLQVL GpGXLUH OD FRQFHQWUDWLRQ GHV ODFXQHV PpWDOOLTXHV HQ DVVRFLDQW OHV
eTXDWLRQHWeTXDWLRQHWSDUODVXLWHO¶H[SUHVVLRQGHĭGLII
eTXDWLRQ




6  ൬ටK1PO2൰3 ቉ 18  
(QVXSSRVDQWTXHODIRQFWLRQ6P LQWHUYHQDQWGDQVO¶pTXDWLRQGHYLWHVVHHVW LGHQWLTXHSRXU
OHV GHX[ PpFDQLVPHV GH FURLVVDQFH DORUV OD IRQFWLRQ ĭ SRXU O¶R[\GDWLRQ GX FHUPHW
V¶H[SULPHSDU
eTXDWLRQ
 Ȱ = DO
l0
K2ටK1PO2 + DVMl0  ቈԢ23 6  ൬ටK1PO2൰3 ቉ 18  

(WDQW GRQQp TXH O¶R[\GDWLRQ GX FHUPHW GpSHQG GH OD SUHVVLRQ SDUWLHOOH G¶R[\JqQH FI











/HPRGqOH TXL GpFULW DORUV OD GpSHQGDQFH GH OD UpDFWLYLWp VXUIDFLTXH GH FURLVVDQFH HQ
SUHVVLRQSDUWLHOOHG¶R[\JqQHHVWGRQQpSDUO¶pTXDWLRQVXLYDQWH









1RXV DYRQV GRQF SURSRVp XQ PRGqOH HW XQ PpFDQLVPH G¶R[\GDWLRQ GX FHUPHW TXL
































/¶R[\GDWLRQ GX FHUPHW HVW FRPSDUpH j FHOOH G¶XQH SRXGUH /7  P /D
)LJXUH  SUpVHQWH OHV FRXUEHV GH SULVH GHPDVVH VRXV R[\JqQH j  & GH GLIIpUHQWV







/¶DOOXUH GHV FRXUEHV FLQpWLTXHV G¶R[\GDWLRQ GX FHUPHW HVW GLIIpUHQWH GH FHOOH GH OD
SRXGUH/¶R[\GDWLRQGHODSRXGUH/7VXLWXQHORLSDUDEROLTXHUpJLPHGLIIXVLRQQHOFH
TXLQ¶HVWSDVOHFDVSRXUOHFHUPHW




R[\GH &U2 SRXU OD SRXGUH /7 FI  ,,,D 3DU FRQWUH SRXU OH FHUPHW QRXV




























































OHV JUDLQV PpWDOOLTXHV DVVXUH DX FRQWUDLUH OH WUDQVSRUW GH O¶R[\JqQH YHUV OHV JUDLQV
PpWDOOLTXHV 8QH R[\GDWLRQ LQWHUQH HVW DORUV SURGXLWH VLPXOWDQpPHQW DYHF XQH R[\GDWLRQ
H[WHUQHFI,9&HFLH[SOLTXHODSULVHGHPDVVHLPSRUWDQWHGDQVOHVSUHPLHUVPRPHQWV
G¶R[\GDWLRQ GX FHUPHW /D FURLVVDQFH LQWHUQH VRXV IRUPH GH QRGXOHV PRQWUH TXH OD
JHUPLQDWLRQ GH OD FKURPLQH HVW ORFDOLVpH SXLV OHV JHUPHV JURVVLVVHQW GHPDQLqUH LVRWURSH
YHUVO¶LQWpULHXUGHVSDUWLFXOHVPpWDOOLTXHV







SRXGUH G¶DFLHU LQR[\GDEOH 'HX[ GRPDLQHV GLVWLQFWVVRQW PLV HQ pYLGHQFH OH SUHPLHU
GRPDLQHFRUUHVSRQGDQWjXQHSULVHGHPDVVHLPSRUWDQWHDXGpEXWGHODUpDFWLRQG¶R[\GDWLRQ
HW OH GHX[LqPH j XQH R[\GDWLRQ EHDXFRXS SOXV OHQWH /HV H[SpULHQFHV VRQW QRQ

















/HV GLIIpUHQWHV WHFKQLTXHV GH FDUDFWpULVDWLRQ XWLOLVpHV GDQV FHWWH pWXGH 0(% '5;
DQDO\VHG¶LPDJHHWVSHFWURPpWULH$XJHUQRXVRQWSHUPLVGHGpILQLUODQDWXUHGHODFRXFKH
G¶R[\GHIRUPpHDSUqVR[\GDWLRQGXFHUPHW1RXVDYRQVUHPDUTXpOHFDUDFWqUHKpWpURJqQHGH





RQGHV DFRXVWLTXHV pPLVHV ORUV GH O¶R[\GDWLRQ GX FHUPHW &HV pPLVVLRQV WUqV LPSRUWDQWHV
GDQV OH SUHPLHU GRPDLQH GH OD UpDFWLRQ VHUDLHQW OLpHV j OD ILVVXUDWLRQ LQGXLWH SDU OHV
FRQWUDLQWHV GDQV OD PDWULFH GH ]LUFRQH SDU OD FURLVVDQFH GH OD FRXFKH G¶R[\GH DXWRXU GHV
SDUWLFXOHVPpWDOOLTXHV/HVSDUWLFXOHVPpWDOOLTXHVpWDQWGpSRXUYXHVGH OD FRXFKHQDWLYHGH
FKURPLQHDSUqVIULWWDJHV¶R[\GHQWEHDXFRXSSOXVUDSLGHPHQWTXHOHVJUDLQVGHODSRXGUH

























DOOLDJH j EDVH GH FKURPH HW GH IHU LQVpUp GDQV XQH PDWULFH G
R[\GH /¶R[\GDWLRQ HVW
LQLWLDOHPHQW EHDXFRXS SOXV LPSRUWDQWH TX¶DYHF OD SRXGUH GH / FH TXL V¶H[SOLTXH SDU
O¶DEVHQFHGHODFRXFKHG¶R[\GHQDWLIVXLWHDXWUDLWHPHQWWKHUPLTXHHIIHFWXpSRXUOHIULWWDJH
GHV FHUPHWV 8QH FRXFKH G¶R[\GH GH FKURPH HW GH IHU j FURLVVDQFH H[WHUQH VH GpYHORSSH
WDQGLVTXHGHVQRGXOHVG¶R[\GHGHFKURPHjFURLVVDQFH LQWHUQHVRQWREVHUYpVj O¶LQWHUIDFH
























/D PRGpOLVDWLRQ FLQpWLTXH GH OD FRUURVLRQ HQ SKDVH JD] G¶XQ FHUPHW D pWp UpDOLVpH
SHQGDQWFHWWHWKqVHGDQVOHEXWG¶pWDEOLUOHVPpFDQLVPHVUpDFWLRQQHOVPLVHQMHXFRQGXLVDQWj
GHVORLVSUpGLFWLYHVGHFRPSRUWHPHQW
/H WUDYDLO H[SpULPHQWDO D FRQVLVWp GDQV XQH SUHPLqUH pWDSH HQ OD SUpSDUDWLRQ SDU XQ
SURFpGp GH PpWDOOXUJLH GHV SRXGUHV HW HQ OD FDUDFWpULVDWLRQ GX FHUPHW ©PRGqOHª
/<6=/HVSDUDPqWUHVGXSUHVVDJHSUHVVLRQGHSUpFRPSDFWDJHHWSUHVVLRQGpILQLWLYH








8QH pWXGH FLQpWLTXH SUpOLPLQDLUH D pWp UpDOLVpH VXU OD SRXGUH GH / FDU OHV pWXGHV
DQWpULHXUHV RQW pWp UpDOLVpHV VXU GHV VROLGHV PDVVLIV SODTXHWWHV GH / $ QRWUH
FRQQDLVVDQFH DXFXQH pWXGH FLQpWLTXH G¶R[\GDWLRQ GH / Q¶D pWp IDLWH VXU GHV VROLGHV
GLYLVpVSRXGUH
'HV DQDO\VHV SDU WKHUPRJUDYLPpWULH $7* GLIIUDFWLRQ GHV UD\RQV ; '5; HW
PLFURVFRSLH pOHFWURQLTXH j EDOD\DJH 0(% RQW pWp UpDOLVpHV DILQ GH FRPSUHQGUH OH
FRPSRUWHPHQWGHFHWWHSRXGUHjO¶R[\GDWLRQj&VRXVG¶R[\JqQH/HVFRXUEHVGH
SULVHGHPDVVHREWHQXHVSDUWKHUPRJUDYLPpWULHRQWPRQWUpXQFRPSRUWHPHQWSDUDEROLTXH











8Q PRGqOH D pWp pWDEOL HQ VH EDVDQW VXU O¶K\SRWKqVH GH O¶pWDSH OLPLWDQWH YDOLGpH DX
PR\HQGX©WHVWGXĭ6PªTXLIDLWDSSHOjODPpWKRGHGHVGpFURFKHPHQWV/HPRGqOHQRXVD
SHUPLV GH GpFULUH O¶pYROXWLRQ DX FRXUV GX WHPSV GH OD SULVH GH PDVVH HW GH GpWHUPLQHU OD
UpDFWLYLWpVXUIDFLTXHGHFURLVVDQFHĭGHODFRXFKHG¶R[\GH




/H FRPSRUWHPHQW j O¶R[\GDWLRQ GX FHUPHW PRGqOH pODERUp DYHF OD SRXGUH GH /
GLVSHUVpHGDQVXQHPDWULFHGH]LUFRQH\WWULpHDpWpHQVXLWHGpWDLOOp/HVFRXUEHVGHSULVHGH
PDVVH GX FHUPHW R[\Gp SUpVHQWHQW XQH DOOXUH GLIIpUHQWH GH FHOOHV GH OD SRXGUH G¶DFLHU
LQR[\GDEOH 'HX[ GRPDLQHV RQW pWp GLVWLQJXpV OH SUHPLHU FRUUHVSRQGDQW j XQH SULVH GH
PDVVHLPSRUWDQWHDXGpEXWGHODUpDFWLRQG¶R[\GDWLRQHWOHVHFRQGGXUDQWOHTXHOODYLWHVVHGH
SULVHGHPDVVHHVWIDLEOH






VSHFWURPpWULH $XJHU GDQV OH EXW GH GpILQLU OD QDWXUH GH OD FRXFKH G¶R[\GH IRUPpH DSUqV
R[\GDWLRQGXFHUPHWj&SHQGDQWKHXUHV/HFDUDFWqUHKpWpURJqQHGHO¶R[\GDWLRQGHV
JUDLQV PpWDOOLTXHV GDQV OD PDWULFH ]LUFRQH D pWp QRWp G¶R OD QRQ UHSURGXFWLELOLWp GHV
H[SpULHQFHV 3DU DLOOHXUV OD FRXFKH G¶R[\GH HVW FRQVWLWXpH G¶XQH FRXFKH H[WHUQH G¶R[\GH
PL[WH IHU HW FKURPH HW GH QRGXOHV GH &U2 VH GpYHORSSDQW YHUV O¶LQWpULHXU GHV JUDLQV
PpWDOOLTXHV/¶R[\GDWLRQGHVJUDLQVPpWDOOLTXHVHVWDFFRPSDJQpHSDUGHVILVVXUDWLRQVGDQV
OD PDWULFH GH ]LUFRQH \WWULpH &HV ILVVXUHV VRQW GpWHFWpHV SDU XQ FRXSODJH GH OD











$ILQ G¶H[SOLTXHU O¶LQIOXHQFH GH OD SUHVVLRQ SDUWLHOOH G¶R[\JqQH VXU OD YLWHVVH
G¶R[\GDWLRQ GHX[ PpFDQLVPHV HQ SDUDOOqOH RQW G¶DERUG pWp HQYLVDJpV O¶XQ SRXU OD
FURLVVDQFH H[WHUQH GH OD FRXFKH G¶R[\GH PL[WH HW O¶DXWUH SRXU OD FURLVVDQFH LQWHUQH GHV
QRGXOHVG¶R[\GHGHFKURPH/HVORLVGHYDULDWLRQGHODUpDFWLYLWpVXUIDFLTXHGHFURLVVDQFH
RQW pWp pWDEOLHV HQ SUHQDQW FRPPH pWDSH GpWHUPLQDQWH OD GLIIXVLRQ GH ODFXQHV FDWLRQLTXHV
GDQV OH SUHPLHU FDV R[\GH PL[WH HW OD GLIIXVLRQ G¶R[\JqQH DX[ MRLQWV GH JUDLQV GDQV OH
VHFRQGFDV&U2
&HWWH pWXGH JOREDOH D PLV HQ pYLGHQFH XQ FRPSRUWHPHQW LQKDELWXHO YLVjYLV GH
O¶R[\GDWLRQ G




/¶HIIHW GX IULWWDJH HW GRQF OH U{OH GH OD FRXFKH QDWLYH GH &U2 DXWRXU GHV JUDLQV
PpWDOOLTXHV FRQVWLWXH XQH SHUVSHFWLYH GH WUDYDLO LQWpUHVVDQWH 1RXV DYRQV FRPSOpWp FHWWH













































Poudre cermet YSZ/304L Pastille cermet-400MPa- Frittée















/D GHQVLILFDWLRQ GX FHUPHW IULWWp QH OLPLWH SDV O¶R[\GDWLRQ ELHQ DX FRQWUDLUH
/¶XWLOLVDWLRQ G¶XQ FHUPHW SRUHX[ DSSDUDvW SOXV VDWLVIDLVDQWH VDQV WRXWHIRLV H[SOLTXHU OD
UpDFWLYLWpLPSRUWDQWHGXFHUPHWFUXHQWRXWGpEXWGHO¶R[\GDWLRQ
)LQDOHPHQWpWDQWGRQQpTXHOD]LUFRQH\WWULpHIDYRULVHO¶R[\GDWLRQLQLWLDOHGXFHUPHWHQ
DJLVVDQW FRPPH XQH VRXUFH G¶R[\JqQH LO VHUDLW LQWpUHVVDQW GH WHVWHU OD UpVLVWDQFH j
O
R[\GDWLRQGXFRPSRVLWHHQFKDQJHDQWSDUH[HPSOHODPDWULFHGH=U2VWDELOLVpHDYHFXQH
PDWULFH GH 0J2 &HWWH GHUQLqUH SUpVHQWDQW XQH FRQGXFWLYLWp HQ R[\JqQH IDLEOH GHYUDLW
FRQGXLUHjXQHPHLOOHXUHUpVLVWDQFHjODFRUURVLRQ
8QHDXWUHSHUVSHFWLYHLQWpUHVVDQWHjFHVWUDYDX[SRXUUDLWrWUHO¶pWXGHGHO¶R[\GDWLRQGH
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HW DSUqV R[\GDWLRQ RQW pWp UpDOLVpHV j O¶DLGH G¶XQ 0LFURVFRSH (OHFWURQLTXH j %DOD\DJH
0(% GH W\SH -(2/ )(*  $ILQ G¶REVHUYHU OHV pFKDQWLOORQV R[\GpV VXU WRXWH OHXU
pSDLVVHXU FRXFKHG¶R[\GHFRPSULVH GHVSUpSDUDWLRQVG¶pFKDQWLOORQVSOXV VSpFLILTXHVRQW
pWpUpDOLVpHV
/HV SDVWLOOHV GH FHUPHW HW OD SRXGUH G¶DFLHU LQR[\GDEOH / VRQW SUHPLqUHPHQW
HQUREpHVGHX[PpWKRGHVG¶HQUREDJHRQWpWpXWLOLVpHVVXLYDQWODQDWXUHGHO¶pFKDQWLOORQ
 3DVWLOOHV O¶HQUREDJH j FKDXG TXL FRQVLVWH j IDLUH IRQGUH GHV JUDQXOHV GH UpVLQH
DXWRXU GH O
pFKDQWLOORQ O


















(QWUH FKDFXQH GH FHV pWDSHV O
pFKDQWLOORQ HVW ULQFp j O




















GLPHQVLRQ ODUJHXU HVW LQIpULHXUH j  PP 8Q GLPSOHXU )LJXUH D HVW XWLOLVp SRXU
DPLQFLUODUpJLRQFHQWUDOHGXGLVTXHjHQYLURQP8QHVHFRQGHpWDSHFRQVLVWHjXWLOLVHU
XQ IDLVFHDXG¶LRQV*$7$13,36 3UHFLVLRQ ,RQ3ROLVKLQJ6\VWHP )LJXUHEDILQGH





8QH IRLV OD SHUIRUDWLRQ DWWHLQWH OD WHQVLRQ GX IDLVFHDX LRQLTXH HVW UpGXLWH j  N9 HW













HQ FRQILJXUDWLRQ ɽɽ OH WXEH GHV UD\RQV ; HW OH GpWHFWHXU FRPSWHXU j VFLQWLOODWLRQV
SUpVHQWHQW XQ PRXYHPHQW V\PpWULTXH WDQGLV TXH OH SRUWH pFKDQWLOORQ UHVWH KRUL]RQWDO HQ
SRVLWLRQIL[HpYLWDQWODSHUWHGHPDWLqUHGXUDQWO¶DFTXLVLWLRQ
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7KH FRUURVLRQ RI D PRGHO 0S&0&V EDVHG RQ / VWDLQOHVV VWHHO DQG \WWULXP GRSHG
]LUFRQLD/S=U2VLQYROXPHLVVWXGLHGDQGFRPSDUHGZLWKWKHR[LGDWLRQ
EHKDYLRXURIWKHVWDLQOHVVVWHHOSRZGHUV




PDWHULDO 6(0 REVHUYDWLRQV DQG $XJHU VSHFWURVFRS\ PHDVXUHPHQWV RI WKH R[LGL]HG




PHDVXUHPHQWV DW  & XQGHU R[\JHQ VKRZ DQ H[WHUQDO JURZWK RI &U2 R[LGH OD\HU DV
GHVFULEHGLQWKHOLWHUDWXUH
7KH ORZ UHVLVWDQFH WR R[LGDWLRQ RI WKH FRPSRVLWH FRPSDUHG WR WKH SRZGHU LQ WKH LQLWLDO
SHULRGVHHPVWREHGXHWRWKHSURSHUWLHVRIWKH]LUFRQLDPHWDOOLFSDUWLFOHV LQWHUIDFHREWDLQHG
DIWHU WKH VLQWHULQJ SURFHVV 8QGHU UHGXFLQJ FRQGLWLRQV WKH LQLWLDO &U2 OD\HU UHDFWV ZLWK
]LUFRQLDPDWUL[7(0REVHUYDWLRQRIWKH³DVVLQWHUHG´LQWHUIDFHEHWZHHQWKHPHWDOOLFSDUWLFOHV
DQG WKH FHUDPLF VKRZV QR FKURPLD OD\HU $IWHU R[LGDWLRQ PDQ\ FUDFNV FRQQHFWHG WR WKH










(/$%25$7,21 (7 (78'( '( /¶2;<'$7,21 $ +$87( 7(03(5$785( '¶81



























G¶DFLHU LQR[\GDEOH 8Q IRUW JDLQ GH PDVVH HVW REVHUYp GqV O¶LQWURGXFWLRQ GH O¶R[\JqQH DX
GpEXWGXSDOLHULVRWKHUPH3HQGDQW OHSDOLHULVREDUH ODSULVHGHPDVVHHVW OHQWHHWQ¶HVWSDV
UpJLHSDUODGLIIXVLRQ/DFDUDFWpULVDWLRQGHVFHUPHWVR[\GpVSHUPHWG¶LGHQWLILHUODQDWXUHGHV
FRXFKHV G¶R[\GH IRUPpHV DXWRXU GHV SDUWLFXOHV G¶DOOLDJH 'HV QRGXOHV ULFKHV HQ FKURPH
DSSDUDLVVHQWWRXWG¶DERUGjO¶LQWpULHXUGXPpWDO3XLVXQHFRXFKHG¶R[\GHjEDVHGHFKURPHHW
GH IHU VH IRUPHSDU FURLVVDQFH H[WHUQH /DPDWULFHGH ]LUFRQHQH OLPLWHSDV ODGLIIXVLRQGH
O¶R[\JqQHYHUVOHPpWDO(OOHVHILVVXUHVRXVO¶DFWLRQGHVFRQWUDLQWHVPpFDQLTXHVLQGXLWHVSDU
OHFKDQJHPHQWGHYROXPHGHVSDUWLFXOHVG¶DFLHULQR[\GDEOHSHQGDQWO¶R[\GDWLRQ
